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Abstract
Plastic pollution has recently become a widely studied topic, yet research on
microplastics has remained lacking for specific geographic regions.
Microplastics are small plastics resulting from degradation or the dumping of
raw material and can lead to deleterious impacts on the coastal marine
environment and its organisms. To assess Malta’s coastal environmental health,
water birds (inshore, offshore and pelagic species) were used as bioindicators
by assessing the presence and abundance of plastic within their stomach
contents. The project hoped to fill some of the current gaps in knowledge on
microplastics within Malta by creating a working baseline, as well as develop a
standardization for methodology built off of previous seabird plastic ingestion
research. Microplastic incidence, abundance by number, and abundance by
mass were measured across four different groupings, total seabirds sampled,
age, sex, and foraging type. Microplastics were found in 51% of the total
seabirds sampled with an average mass of 0.040 grams of plastic found within
all seabirds. The deviation from the threshold of 0.1 grams of plastic for 10%
of seabirds sampled created in the Northern Fulmar report, this report proposes
a new threshold of 0.05 grams of plastic for 10% of seabirds for this region.
This measurement along with the data provided will serve as an indicator for
Good Environmental Status for Descriptor 10 within the mandates for the
Marine Strategy Framework Directive.
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Chapter 1: Introduction
Scope
This project aims to provide data to fill some of the current gaps within microplastic
occurrence and presence within Malta’s coastal waters by using the ingestion of plastic by
birds (inshore, offshore, and pelagic species) as a biomarker. “The quantity of debris, in
particular of plastics, ingested by marine organisms reflects the abundance of marine litter,
the associated harm to wildlife and the marine ecosystem, and socio-economic harm” (Van
Franeker, J.A., 2015). By following current proposed protocols and previous research
conducted by other European countries, this research will serve as a basis for future research
to standardize methodologies. This data will potentially form the baseline and initial
assessment for marine litter, especially microplastics, within Malta’s environmental context,
the first of its kind for ingested plastic for this region. This project does not assess the impact
of plastics on waterbirds. It must also be stressed that the cause of death for the waterbirds
unless explicitly stated by the taxidermist is not being targeted as plastic ingestion. However,
the data discovered through this project could play a major role in initial assessments and
ultimately policy formation for future ecosystem and bird health research. This data should
prove useful for future researchers, the Environment and Resources Authority, the Wild Birds
Regulation Unit and the Department of Sustainable Development, the Environment and
Climate Change.

Purpose
Research conducted across 192 countries found 4.8 to 12.7 million metric tons of plastic
waste entering the coastline each year (Thevenet, 2016). The abundance of plastic in Earth’s
water systems could lead to risks of ingestion by birds and sea mammals resulting in intestinal
blockage or toxic accumulation of chemical compounds, the dispersion of epibionts, and the
overall change in the biogeophysical composition of the environment (Bergmann, Gutow, and
Klages, 2015). Studies reported between 1962 to 2012 found 80 of 135 seabird species had
ingested plastic with extrapolation data suggesting that if the studies were conducted today,
ingestion would reach 90% of individuals. It is imperative to study this prevalence due to the
high frequency in which seabirds ingest plastic and that half of all seabird species are on the
decline. That is higher than any other comparable taxa (Wilcox, Van Sebille, and Hardesty,
2015). The Northern Fulmar project found a plastic incidence rate of over 90% of its sampled
seabirds with varying levels depending on the year (2006 results northern fulmar), while a
Mediterranean study found 66% of its sampled seabirds with plastic within their stomachs
(Garcia et. al, 2013).
It is essential to study the presence of plastic in waterbirds as these organisms serve as good
bioindicators of ecosystem health. Substantial levels of plastic have been found on
Mediterranean shorelines, yet due to differences in sampling protocol it is not feasible to
compare results across regions or across timescales (Codina-García et al. 2013). Likewise, in
Malta, there is no dedicated monitoring regime for ‘marine litter’ (Environment and
Resources Authority, 2016- Marine Litter). The current policies do not address the current
elevated influence of plastic and require the exploration of birds as bioindicators of ecosystem
health in terms of plastic presence. Policies will require revision and re-formatting to address
these growing impacts to the marine environment and will require baseline trends of plastic
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ingestion for all regions to create a program of measures. Overall, research on plastic
pollution needs a standardization of methodology and a working foundation of data.

Predictions
It could be predicted that a majority of the birds will have some form of plastic presence
within their stomach contents. Due to the transboundary influence to Malta’s coastline, it’s
popularity as a stopping ground for migrating seabirds and breeding waterbirds, the centrality
of the island within shipping routes, and the high influence of tourism, it can be suggested
that seabirds will demonstrate some form of incidence of plastic (Garcia et. al, 2013). Due to
the large tourism influence, it could be predicted that a greater number of plastic items will be
present within the inshore foraging birds due to the higher prevalence of ingesting items from
the shoreline and a higher percentage of ingestion of rubbish items. This is assumed, despite
statements from previous literature that inshore foraging species have the tendency to
regurgitate items, which might lead to a lower abundance of plastic. It can also be assumed
that younger seabirds will have a higher presence of plastic within their guts due to the
feeding process of regurgitation from adult seabirds to their young (Ryan, 1988). Overall, the
best use of the data found here will be to create the beginning of what will be continuous,
standardized data that can be used for targets, assessments, and policy creation.

Plastics Today
Plastic pollution is not a new topic. Plastic has become increasingly popular since the 1970s,
increasing annually by 335 million tons in 2016 worldwide, with Europe, alone, producing 60
million tons (PlasticEurope 2017). Consequently, plastic comprises around 80% of pollution
debris (Thevenet, 2016). A study in Greenland focused on the Arctic Sea and whether plastic
abundance could be measured looking at zooplankton and auk gular pouches. Using the
zooplankton and water column data, they determined that plastic entering the marine
environment has increased in parallel with plastic production (Amelineau, 2016). Recently,
due to social media, awareness of plastic pollution has grown to top trends. The first image of
plastic pollution that comes to mind is the picture of a soda can connector wrapped around a
turtles neck and the growing islands of plastic floating in the Pacific Ocean, but a more
pressing issue might lie within microscopic pieces of plastic floating on the surface and
washing up on shorelines, otherwise known as microplastics. These can have negative
consequences of ingestion by marine life, incorporated into sediment, and contributing to
plastic toxicity overall within waterways. Microplastics have recently become a highlighted
issue as a danger to environmental health with potentially negative impacts on the integrity of
species that depend on aquatic environments, including humans (Zhang, 2017).

What is a microplastic?
These pollutants have been described as synthetic carbon polymers that occur at less than 5
mm in size making it difficult to perceive, identify, and measure the total net pollution for
large land areas. Microplastics can be separated into primary and secondary plastic litter.
Primary plastic litter includes microplastics that can be traced to many beauty products
including cosmetics and toiletries released into the environment from residential water
systems as well as raw plastic byproduct (Deidun, 2017). Microplastics can also be
categorized into user and industrial based sources. Secondary plastic production can be
attributed to most user microplastic resulting from the breakdown of macroplastics as an
effect of photodegradation, oxidation, and mechanical abrasion. These macroplastics can
enter the water column by way of plastic litter pollution, and runoff (Thevenet, 2016). This
kind of secondary plastic pollution can also result from overflow of sewage treatment plants
during flooding or inadequate filtering at wastewater treatment plants (Carr, 2016). User
plastics can be identified as fragments, fibers, beads, fabrics, or foam. Industrial plastics
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make up most primary plastic production as raw plastic materials typically as pellets called
nurdles. These plastics are frequently released into the marine environment through illegal or
accidental dumping from ships (Hidalgo-Ruz et al. 2012). Industrial plastics usually relate to
unintended losses from production or transport whereas user plastics are in some part present
due to intentional or indifferent disposal of consumer debris (Van Franeker, J.A., 2015). This
is important to delineate the categories to form separate policies for reduction in either source.

Why Malta?
Due to Malta’s geographic location and dependence on its coastline, it serves as an important
study site for microplastic presence. Malta sits in central Mediterranean, between the eastern
and southern sub-basins, as a highly trafficked port and has a large flux of tourists all year
round. With 25% of the world’s cargo vessels passing through Malta’s coastal waters, it is
one of the top three traffic density hotspots in the world (Ernst and Young, 2017).
Additionally, Malta’s coast is familiar with the movement of hundreds of cruise ships and
tourist boats on a daily basis. Thus, the impact of tourism and shipping in Malta puts large
pressures on the environment and potentially impacts plastic abundance. Malta also has a
large waterbird population due to its geographic position, relatively large coastline, and
abundant habitat. The small island nation serves as a popular breeding ground for waterbirds,
such as the Yelkouan Shearwater Puffinus yelkouan, Scopoli’s Shearwater Calonectris
diomedea and various gull species like the Yellow-legged gull Larus michahellis. Malta has
around 120 inshore feeding birds, with many of them existing in coastal wetlands
(Environment and Resources Authority, 2016- Seabirds). The majority of birds collected for
this study are listed within at least one convention for bird protection or marine protected area
or otherwise deemed of national importance. Previous research has focused on the biological
disturbance from human impacts (both direct and indirect) such as rat presence and light
pollution, as well as habitat destruction, but few have been able to fully address the impact of
plastic pollution (Environment and Resources Authority, 2017). Thus, it is critical to study the
influences on microplastic presence and abundance within Malta to assess the ecosystem
health of the marine environment.
In terms of governance, Malta also has a very limited research in terms of plastic presence
and thus is lacking data to form effective policies. After the implementation of the EU’s
Marine Strategy Framework Directive (MFSD) of the EU, Malta had to transpose such
policies. However, due to lacking data on microplastics, plastic abundance in waterways, and
plastic ingestion by birds, Malta’s environment authorities are unable to assess current status
or establish concrete targets to achieve Good Environmental Status as required by the MSFD.
Furthermore, there is no trend data or standardization of methods to compare data across
timeframes to indicate whether plastic is increasing, decreasing, or remaining steady
(Environment and Resources Authority, 2016- Marine Litter). The research conducted here
hopes to contribute towards closing some of these gaps, institute a foundation of
methodology, and create a baseline of data for future research to build off of and influence
policy formation and effective transposition of directive policies.

Chapter 2: Literature Review
Relevant Studies
Mediterranean Protocol
“Developing sampling protocols for biomonitoring contaminants in Mediterranean seabirds”
led my Fabrizio Borghesi provided a standardized protocol system for Mediterranean seabirds
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for all things from mercury contamination to marine litter. The Mediterranean protocol
introduces a general procedure to follow when conducting research specifically on
microplastic abundance. They deem it most efficient to use dissection as the means to collect
incidence and abundance in weight and number. The protocols also state the significance of
studying seabirds as bioindicators not to establish the threat to seabird populations. The study
highlights the critical need to standardize methodologies, especially region-based, to
maximize the opportunity to compare results of different studies. It is mentioned in the report
the measurement of microplastics at 1-5 mm for the standard protocol to agree with other
studies that follow microplastic abundance (Thevenet, 2016). Originally, this report was the
foundation for the study at present, and then the methods were reinforced and specialized
following the methods given within the Fulmar project.
Northern Fulmar Project
The project presented here has been largely developed off of the Northern Fulmar project
based in various regions throughout the North Sea. The Convention for the protection of the
marine environment of the North-east Atlantic of 1992, otherwise called OSPAR, mandates
that all parties attempt to prevent and eliminate pollution so to conserve maritime
environments (OSPAR Convention, 1992). OSPAR is responsible for implementing the
Ecological Quality Objectives for the North Sea (ECOQO) instated in 2002 by the North Sea
countries to quantitatively measure human impacts to the North Sea environment. OSPAR
deemed the Northern Fulmar (Fulmar glacialis) as the most appropriate indicator, for the
specified region, of ecosystem health through plastic ingestion. Thus, the Northern Fulmar
project was established as part of the Save the North Sea project, an initiative to reduce
marine litter. Led by J. van Franeker, the project set up a standardized approach for the
measurement of microplastic incidence and abundance based on weight and number by
dissecting Fulmar stomachs. The Fulmar project hoped to set a target that the region could use
to assess the changes in plastic abundance and measure regional and time-related changes in
levels of marine litter. The project has been running since 1982, thus allowing for large
comparisons across timelines. Using mass as the main unit for policy thresholds, the project
determined the plastic pollution limit as more than 10% of Fulmars with greater than 0.1
grams of plastic present within their stomach contents (Van Franeker et. al, 2015). Overall,
these results were meant to help identify sources of litter and to determine the effectiveness of
policies in place due to European Union directives. This study provided much of the methods
and basis to which the current study was built.
Plastic debris in Mediterranean
At the moment, only one other study has assessed the impact of plastic on birds in terms of
ingestion of microplastics within the Mediterranean region: “Plastic Debris in Mediterranean
seabirds” led by Marina Codina-Garcia. The Mediterranean has a low confidence for the
creation of a threshold for microplastic abundance and no baseline to delineate policies. It
also has a lack of comparable data due to differing methodologies and has made it almost
impossible to look at plastic changes over time and across regions. Codina-Garcia and her
colleagues identified 13 studies on plastic abundance ranging from 1979-2005 that are unable
to be compared due to a lack of standardization across research. Subsequently, they attempted
to create a standardized system to build future studies from. They studied the accumulation of
plastics in the stomachs of multiple Mediterranean seabird species in the Catalan Sea (NE
Spain) using dissection protocols set up presumably using the Northern Fulmar methods and
the Mediterranean Protocols as evident by the similar processes. This project differs from the
previous Northern Fulmar project in that all birds were accidentally caught by longliners
thereby producing a completely random subsample that cannot be said to have died due to
plastic influence (Codina-Garcia, 2013). Otherwise, most of the methodology used in this
study follows that of the Northern Fulmar project. The project allowed for a comparison of
the results generated here as well as comparison against the Northern Fulmar project and
should serve as an additional source to monitoring plastic accumulation across Mediterranean
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regions.
Microplastics on Sandy Beaches in Malta
The first investigation into microplastics on sandy beaches in Malta, was examined by a set of
researchers from the University of Malta, to calculate the occurrence and profiles of
microplastics from 2015-2016. The researchers hoped to tackle the problem of
standardization across methodologies by modifying the guidelines proposed by Galgani et al
(2013) and deemed the standard monitoring protocol by the Marine Strategy Framework
Directive. The research focused specifically on microplastics from 1-5mm collected from
surface and subsurface depths from five different beaches (Deidun et. al, 2017). The research
collected in this study can be used to propel future research in Malta and expand the research
to compare collections from onshore locations to collections from ingestion samples. It is a
stepping stone for Malta’s acquirement of knowledge on plastic abundance and presence and
follows a set of methodologies that can be accessed across the Mediterranean for cross
regional comparisons. Providing Malta with these baseline combinations will allow Malta to
transpose important EU directives as well as provide further insight into the impact of plastic
pollution on the Mediterranean as whole. This would lead to a more accurate determination of
the effectiveness of policy efforts such as the EU Directive, Marine Strategy Framework
Directive and the MARPOL agenda.

Ecological Impact
The research conducted here does not serve to directly explain the death of bird species within
Malta’s coastline. However, it still remains important to describe the potential threats of
plastic to birdlife and other marine mammal health and survival. Ecosystem health
encompasses the ability of species to persist within their environment, thus the impacts of
plastic could decrease this ability. Ingested plastic has recently been found to impact body
condition and the transmission of toxic chemicals, which could result in changes in mortality
or reproduction (Wilcox, Van Sebille, and Hardesty, 2015). Island and coastal nation-states
are highly vulnerable to impacts from microplastic pollution, indicating possible threats to
ecological health and societal health within these areas. Waterbirds, turtles, marine mammals,
fish, and shellfish have been used most frequently as bioindicators to calculate the threats of
human inputs into the ecosystem such as environmental vulnerability to contaminant inputs
such as mercury, PCB’s, and DDT, heightened levels of nitrates and phosphates, and most
recently, microplastic abundance. Due to seabird’s abilities to accumulate plastics in their
stomachs, they can serve as good bioindicators for marine plastic pollution (Codina-García et
al. 2013).
Locally occurring birds, including shearwaters, a myriad of gull species, cormorants, and
other inshore feeding waterbirds inhabit Malta’s rocky shoreline and forage mainly along
coastal waters. These birds are highly vulnerable to ingestion of microplastics from accidental
consumption as well as bioaccumulation from prey consumption. Microplastics can enter the
guts of organisms in two ways, either direct consumption or secondary consumption
(Amelineau, 2016). There is growing research around the introduction of plastics into the
food web through filter feeding organisms and thus the eventual consumption of those
organisms by higher trophic levels. Not only does the physical plastic threaten birds and other
marine organisms in terms of plastic accumulation, but there is also a potential increase in the
possibility of bioaccumulation of toxic chemicals that occur from plastic degradation (J. A.
Van Franeker et al. 2011). For this study, direct and indirect consumption of plastic was not
differentiated due to time restrictions and a heightened focus on the overall plastic presence
independent of how it entered via direct consumption or from prey consumption. It might also
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be noted that plastic consumption from prey items might be at a size smaller than 1 mm and
thus lost within the focus of this study (Amelineau, 2016).
Measuring the abundance of microplastics in birds allows for comparisons across timeframes,
assisting researchers in determining the trajectory of plastic accumulation in specific regions.
From a literature review, research has detected an increasing trend in ingestion, relating to an
increased exposure rate due to higher production rates of plastic. Thus, bird ingestion can be
scaled to plastic exposure and can highlight the vulnerability of the species overall and the
total marine environment (Wilcox, Van Sebille, and Hardesty, 2015). Research on the
Northern Fulmar within the North Sea indicated insignificant reductions in plastic abundance
from 1980-2012, yet a significant reduction in user plastic from 1997-2006. They have
tracked the reduction to the early years and not as much the later years from 2005-2006. By
collecting this data, they also found a significant change in proportions of industrial to user
plastic. Due to the results of this study, the region is able to assess the impacts and
effectiveness of EU directives like the MFSD and MARPOL. It demonstrates the importance
of prolonged studies on waterbirds as important bioindicators of marine environmental quality
and measurements of policy effectiveness (Franeker, J.A., 2008). Ultimately, the use of
waterbirds can provide methods to more accurately measure the presence and accumulation of
microplastics in coastal waters over time and space.
Malta comprises a relatively small land area, making it more difficult to collect large numbers
of the same seabird species, as done in other studies, and thus decreases the ability to study a
singular species. Additionally, to compare a large amount of a singular bird species on a short
time frame would prove difficult given the general size and collection method. Thus, the
current study tends to focus on a broad range of waterbird species. It is important to note that
the study produced here was not to protect one bird species or focus on the threat to one bird
species, but to focus on plastic pollution as an ecological and ecosystem threat. The results
found here will hopefully identify the plastic abundance in the waterways and lead to a better
understanding for crucial policy changes to decrease plastic presence, not to protect a single
bird species directly. The protection of all organisms within the marine environment would be
an indirect benefit from the reduction of plastic within the environment and the ability to
create thresholds and policies surrounding plastic presence within Malta’s coastal
environment.
Relevant Conventions
Bern Convention
The Convention on the Conservation of European Wildlife and Natural Habitats (Bern
Convention) of 1982 focuses on the protection of endangered natural habitats and vulnerable
species, particularly migratory species. All parties to the convention are to facilitate
administrative measures to ensure the protection of all species listed as ‘strictly protected
fauna species’ within the convention (Environment and Resources Authority, 2011). Malta is
one of fifty countries to become a signatory on this convention. As a signatory, it is the
commitment of the party to
• “promote national conservation policies
• consider the environmental impact of planning and development
• promote education and information on conservation.
• share practice and expertise on biodiversity management
• harmonize legislation on biodiversity protection
• co-ordinate environmental research” (Council of Europe, 2015).
At least five of the species used in this study reside on the list for Annex II of strictly
protected fauna species. To fulfill the mandates of this convention, it would important to
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protect the habitats of birds including the coastal health and thus control the inputs of plastic.
The commitment to co-ordinate environmental research should include research like the
research conducted here to further the protection of fauna and the environment.
Bonn Convention
The Convention on Conservation of Migratory Species of Wild Animals (Bonn Convention)
of 1985 aims at the conservation of migratory species and their habitats as listed in the
convention. The main principles of the convention include that the parties should
• “promote, co-operate in and support research relating to migratory species
• endeavor to provide immediate protection for migratory species included in Appendix
I
• endeavor to conclude agreements covering the conservation and management of
migratory species included in Appendix II”(Bonn Convention, 1979).
More than half of the seabird species analyzed for this study are non-breeding migrants.
Malta, a signatory to the convention since 2001, thus should support the research done here
and any future research related to it due to the first principle stated previously.
Barcelona Convention
The Convention for the Protection of the Mediterranean Sea Against Pollution (Barcelona
Convention) of 1982, gave rise to the Protocol for Specially Protected Areas and Biodiversity
in the Mediterranean (SPABIM) of 1995 targets the protection of endangered or threatened
bird species as listed and the maximum possible protection of the those species at a National
Level (Environment and Resources Authority, 2011). Each signatory party of the convention
must agree to the following obligations:
• “protect, preserve and manage in a sustainable and environmentally sound way areas
of particular natural or cultural value, notably by the establishment of specially
protected areas
• protect, preserve and manage threatened or endangered species of flora and fauna”
(Official Journal of the European Communities, 1999).
Malta is a signatory to this convention automatically as a party to the Barcelona Convention
and thus has a responsibility to conform its policies to the measures listed above. Species used
for the study reported here can be found on the list of endangered or threatened species
making it ever more critical for the Maltese authorities to support this type of research.
Birds Convention
The Birds Directive of 1979, amended in 2009, targets the conservation of bird species by
placing protection around the birds themselves, their eggs, nests, and habitats within all EU
member states. It requires all member states to create Special Protection Areas for better
preservation of important habitats for birds as listed within the Directive. Within Malta, there
are 12 Special Protection Area sites (Environment and Resources Authority, 2011). “The
treaty covers the protection, maintenance, and re-establishment of biotopes and habitats to
ensure the creation of protected areas, upkeep and management in accordance with the
ecological needs of habitats inside and outside the protected zones, re-establishment of
destroyed biotopes and creation of biotopes” (Official Journal of European Communities,
2010). This highlights the importance of protecting habitats of special importance, but also
the areas around them. Protecting areas against plastic pollution and conducting research on
plastic presence and abundance is essential to realizing the impacts to these types of areas and
ultimately to the organisms that reside within them. As a signatory of this directive, Malta is
accountable for its Special Protection Areas and thus should support the enhancement of
research conducted around themes like the one studied here.

Economic and Social Impact
Adequate policies and research are needed in all regions due to the influence of transboundary
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movement and its prevalence of plastic. Plastic in waterways is not stationary and thus marine
litter from one region can end up on the beach of another and plastic from all around the
globe can accumulate in various seas and oceans. Plastic is one of the most commonly found
items on beaches and represents 50% of marine litter. Within Europe, less than 30% of the
produced plastic is recycled every year. Yet, the extension of the EU plastics recycling
capacity fourfold is expected to produce 200,000 new jobs spread across Europe. The plastics
sector employed 1.5 million people in the EU and generated 340 billion euros in 2015
(European Commission, 2018). However, besides negative impacts on the environment and
human health, tourism, fisheries, and shipping all experience economic damage from marine
litter.
The EU fisheries lost approximately 1% of total revenue from catches from the cost of marine
litter. This will only exacerbate as plastic production continues to increase and thus, the
presence of plastic in the world’s waterways could lead to potential crises among fisheries
worldwide (European Commission, 2018). The influence of plastic presence could have
potentially negative impacts on tourism factors and thus a deleterious effect on Malta’s
overall economy. Malta relies heavily on tourism for its economy with just around 2 million
total inbound visitors each year and total tourist expenditure of around 2 billion euros per
year. With 48% of the main motivations of those tourists for visiting Malta due to sun and
culture, another 15.5% to sun, and 5.2% to scuba diving (Malta Tourism Authority, 2016).
This indicates the necessity of Malta to maintain clean waters and protect its marine
environment from marine litter influences for the preservation of its tourism sector and
ultimately a large economic source.

Relevant Policies
Barcelona Convention (1976)
The Barcelona Convention, also known as the convention for the protection of the marine
environment and the coastal region of the Mediterranean, was adopted in 1976 and came into
effect in 1978. The objective of this convention was to reduce pollution in the Mediterranean
Sea and to protect and improve the marine waters encompassed in that area. The Convention
helped give rise to protocols such as the dumping protocol, land based sources and activities
protocol, and specially protected areas and biological diversity protocol, which all address
different levels of conservation efforts through reduction in pollution and protection of
ecosystems (United Nations Environment Programme, 2004). An integrated monitoring
program was established in 2015 to create good environmental status through an ecosystem
based approach.
Malta Transposition
Under the Barcelona Convention, Malta defined three good environmental statuses. The first
stated the amount of marine litter on the coastline does not have negative impacts on human
health, marine life, and ecosystem services. The target at that time was a decreasing trend in
the number of marine litter deposited on the coast. The second stated that the amount of
marine litter in the water column and seafloor do not have negative impacts on marine life,
ecosystem services and do not create risk to navigation. This target would be measured by a
decrease in the trend of the amount of marine litter items in the water and seafloor. The third
status was unable to be defined, but was meant to target a deceasing trend in the cases of
entanglement and decreasing presence of litter in the stomach content of sentinel species
(Environment and Resources Authority, 2015). Due to the inability to define the status, the
enforcement and monitoring of this trend has remained unacknowledged.
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Convention for the Prevention of Pollution from Ships (1988)
Marine litter can occur through user land based sources or industrial sources at sea like
shipping. To combat dumping of plastic into the world’s water systems the Convention for the
Prevention of Pollution from ships, otherwise known as MARPOL came into effect in 1988.
This was the first occurrence to stop dumping of waste generated by vessels by providing
adequate ports to receive wastes from ships. In 2011, the disposal of all forms of plastics from
ships is prohibited under Annex V of MARPOL. The annex mandated that every ship shall
carry a garbage management plan and any ship over 400 gross tonnage must carry a Garbage
Record Book that contains the date, time, position of ship, category of garbage, and amount of
garbage discharged. (Environment and Resources Authority, 2015). Since the 1990’s, the
amount of plastic litter at sea has appeared to stabilize, whereas the amount of plastic on the
beach and seabed has increased. This could stem from the unknown routes that plastics take at
sea or might indicate the efficiency of the MARPOL plan. Studies on the North Atlantic
Fulmar ingestion composition have shown changes from plastic pellets to plastic fragments.
This has been mirrored by an increased proportion of user plastics in relation to a decreased
industrial plastic occurrence discovered during net samples over the last few decades
(Bergmann, Gutow, and Klages, 2015).
Malta Transposition
In order to comply with the protocols set forward by MARPOL, Malta imposed a ‘no special
fee system’ that requires all ships to pay a fee whether or not they use the Port Receptions
Facilities mandated by MARPOL. Ships that discharge at a local authorized port reception
facility will not be charged the fee. This ensures the Polluter Pays principle by giving ships an
incentive to properly dispose of their waste. The fee holds the ships accountable for their
discharge and ensures that ships do not feel inclined to dump their waste at sea. At the
terminals, the Authority for Transport in Malta controls the maintenance of the waste through
a waste management plan and carries out inspections every three years to certify compliance
(Environment and Resources Authority, 2017).
Marine Strategy Framework Directive (2008)
The EU Marine Strategy Framework Directive of 2008 imposed the priority of achieving and
maintaining good environmental status in a community’s marine environment by 2020 for all
member states. The directive put emphasis on preventing and reducing inputs in the marine
environment with the view of phasing out pollution through a “good environmental status”
measure. Good environmental status as defined in the MFSD is the ability of marine waters to
provide ecologically diverse and dynamic water ecosystems that are clean, healthy, and
productive. It also states that the use of the marine environment is within a sustainable
framework that allows the continued use for current and future generations (European
Parliament and Council of the European Union, 2008). It is essential to identify the pressures
within the environment that are causing the impacts and perform a cost analysis of the
potential degradation to the economic and social dynamics of a region.
Once a set of characteristics is determined for good environmental status it will be necessary
to conduct initial assessments of each proposed region. The directive makes it clear that
programmes of measures are only effective if they are advised with reliable knowledge of the
specific marine environment concerned. This should encompass marine research and
monitoring operations to create environmental targets and indicators to be evaluated on a
regular basis. With this commitment, informed policymaking can be effective and efficient
(European Parliament and Council of the European Union, 2008).
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Malta Marine Policy
The European Union mandated the transposition of coherent and transparent legislative
framework with a consequence of the polluter pays principle (European Parliament and
Council of the European Union, 2008). Malta transposed this legislation through the Marine
Policy Framework Regulations of 2011. Through this framework Malta instituted a
programme of measures to run an assessment of the waters, determine good environmental
status, create targets and bioindicators, and initiate future monitoring programs. The second
objective within Malta’s marine strategy addresses the need to prevent and reduce inputs in
the marine environment to phase out pollution and ensure the reduction of risks to marine
ecosystems, biodiversity and human health (Subsidiary Legislation 549.62, 2011).
Marine Litter
Marine litter as defined in the MSFD Initial Assessment is any persistent, manufactured or
processed solid material discarded, disposed of, or abandoned in the marine and coastal
environment. This would consist of any discarded anthropogenic plastics, wood, glass,
rubber, clothing and paper (Environment and Resources Authority, 2016- Marine Litter). As
of 2017, Malta created a programme of measures that includes measures to achieve good
environmental status and includes a gap analysis that addresses the current gaps within
management regimes and the need for additional action past current mandates.
Information compiled by the MFSD initial assessment drew two preliminary conclusions on
marine litter within Malta.
1) “Marine litter on Maltese coastlines, in the water column and on the seafloor
seems to be predominantly plastic items.
2) Litter on Maltese coastline is linked to high tourism influx and the intense use of
beaches, rather than washed ashore or deposited on the coastline.”
(Environment and Resources Authority, 2017)
Thus, it will be important to focus on plastics come future policy formation with special
attention on user plastics as sources for marine litter. This will also prove important when
determining what data is most critical to collect to inform on good environmental status and
the programme of measures necessary to obtain such targets.
Descriptor 10
As of 2010, the Commission responsible for determining the indicators for the assessment of
good environmental status for Descriptor 10 determined data limitations blocking the
application of the MSFD criteria. Descriptor 10 has a two-fold focus on characteristics of
litter in the marine and coastal environment and the impacts of litter on marine life.
Descriptor 10.1 focuses on the following criteria and indicators to assess good environmental
status. Trends in the amount of litter washed ashore or deposited on coastlines, the amount of
litter within the water column, and the amount, distribution and composition of microparticles are meant to indicate the characteristics of litter in the marine and coastal
environment. Descriptor 10.2 focuses on the impacts of litter on marine life as indicators for
good environmental status. This exclusively addresses the patterns in the amount and
composition of litter ingested by marine animals typically assessed through stomach analysis.
However, data has remained lacking and the environmental target still remains to improve
current level of knowledge on marine litter in Malta (Malta Environment and Planning
Authority, 2010). Additionally, Malta’s programme of measures required by the MSFD has
identified 4 instances where the achievement of a descriptor is uncertain. Thus, levels of litter,
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in particular microlitter in the marine environment, are listed as exceptions within Malta’s
programme of measures (Environment and Resources Authority, 2017).

Malta’s Current Marine Litter Management

Water Framework Directive
Currently, in-situ management of marine litter in Malta is controlled by beach cleansing
services, source reduction, and sea based source reduction as part of the maritime regulations
and policies. Previously, the Cleansing Services Directorate was in charge of implementing
and monitoring these management schemes. Malta’s Second Water Catchment Management
Plan (WCMP) takes the removal of litter further than the Cleansing Services Directorate by
establishing a national cleanup strategy and providing a more extensive financial and training
support system. Pursuant to the EU Water Framework Directive of 2000, the WCMP puts
forward measures targeting the removal of marine litter from coastal waters, increasing
awareness of impacts of marine litter, sources, and transboundary sources. Knowledge
improvement is addressed by two measures within the WCMP. The first designates the
importance to characterize and quantify land sources of litter to the coastal marine
environment. The second is to more accurately understand the role of transboundary
contaminants, their transport and the extent to which they contribute to marine contamination.
The WCMP dictates the need to coordinate the efforts of itself and the MSFD to increase the
current initiatives by the Cleansing Services Directorate and address marine litter through
development of permitting mechanisms and licensing processes (Environment and Resources
Authority, 2017). The hope is that the coordination of these two Directives will lead to an
achievable Good Environmental Status for even Descriptor 10 on marine litter that has until
now remained largely untouched.
Waste Management Plan
Additionally, the Waste Management Plan for the Maltese Islands developed under the Waste
Framework Directive of 2008 aims to increase prevention, reuse, recycling, and recovery of
waste between 2014 to 2020. As of 2016, just over 80% of Malta’s plastic goes to landfill
with the remaining percentage of plastic post-consumer goes to recycling (PlasticsEurope,
2017). With only 20% of plastic making it to a recycling center, there is a large potential for
plastic to re-enter the environment. A majority of the measures outlined by this plan focus on
packaging waste and incentivize the reduction of packaging. For example, producers placing
less than 100 kg of plastic on the market in a calendar year are exempt from registration with
the competent authority (Environment and Resources Authority, 2017). In order to hold
consumers and business owners responsible for the reduction in plastic usage, other initiatives
have also been implemented most recently. Most grocery stores have opted to initiate a tax on
plastic bags to encourage consumers to carry and use re-usable bags. There has also been a
recent ban on plastic straws from businesses and the increased supply of paper straws for
consumption. These small endeavors can have large impacts on decreasing plastic loading
into the environment.
Definitions
Marine Litter
Made or used by people, such as plastics, wood, metals, glass, rubber, clothing, and paper,
deliberately discarded or unintentionally lost into the sea and on beaches (Environment and
Resources Authority, 2016-Marine Litter)
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Pollution
The direct or indirect introduction into the marine environment, as a result of human activity.
The results cause deleterious effects to living resources and marine ecosystems, including loss
of biodiversity, hazards to human health, hindering of marine activities, and the impairment
of the quality of marine waters. (European Parliament and Council of the European Union,
2008)
Marine strategy
The procedure to be developed and implemented for each specific region concerned
(European Parliament and Council of the European Union, 2008)
Environmental Target
The qualitative or quantitative measurement of the desired condition in respect to each marine
region (European Parliament and Council of the European Union, 2008)
Good Environmental Status
The environmental status of marine waters so they provide ecologically diverse oceans that
are clean, healthy, and productive within their intrinsic conditions. (European Parliament and
Council of the European Union, 2008)
Descriptor 10
Quantitative and qualitative measurements to create a good environmental status aimed to
reduce the input of marine litter into the marine environment through achievable targets
(POMS-Draft).
Microplastics
Any plastic less than 5 mm in size made of primarily polyethylene, polypropylene, and other
polymers is considered a microplastic (Carr et. al, 2015).

Chapter 3: Methodology
Standardization
In order to maintain a standardization of data across fields, methodology was developed on a
combination of requirements from the Northern Fulmar study conducted in the North Sea as
well as the Mediterranean protocol requirements for biomonitoring contaminants in
Mediterranean seabirds. It is crucial to standardize the sampling methods of future marine
litter research to maximize the opportunity of comparing results across studies. A protocol for
sampling methods in Mediterranean seabirds was released as of 2016 to further organize
research capabilities and the productive sharing of results. Here, it was determined essential to
test plastic ingestion by the examination of dead, legally acquired bird specimens. Sample
size is determined on size of area and species, but has yet to be specified for Mediterranean
regions due to smaller numbers of stranded birds. It is stated to sample plastics from the
proventriuculus and gizzard using a 1 mm sieve to sort the plastic. Furthermore, the plastic
should then be categorized into industrial plastic or user plastic. Other characterizations of the
plastic can be performed additionally such as color, shape, plastic composition, and size
(Thevenet, 2016).

Dissection
49 specimens from 13 species of waterbirds were used for the present study in collaboration
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with the Natural History Museum. 40 stomachs have been found to be a suitable sample size
for a location for plastic ingestion in the case of the Northern Fulmar study, which pulled
samples from multiple sites. This can prove a difficult task due to the length and type of
coastline, differing weather and current conditions and knowledge of where to deposit
corpses. In the Northern Fulmar study they found it appropriate to combine regions or
timeframes to deal with suboptimal sample sizes (Van Franeker, J.A., 2015). The birds
collected here combine across a large timeframe, but contain most of the current collected
birds ready for dissection. The collected birds were either confiscated by the Maltese
authorities after illegal collection or given to the museum by citizens. Due to random
collection of corpses and the limits on sample sizes listed previously, an unequal number of
each species was analyzed (Table 1). The Yellow Legged Gull Larus michahellis and the
Black Headed Gull Chroicocephalus ridibundus were among the largest samples analyzed in
the study due to availability. For the study, the birds were moved to University of Malta at
Msida campus for storage, dissection, and identification of contents. Birds were removed
from the freezer within 24 hours before dissection to thaw. Many birds were delivered post
taxidermy and thus were just the body of the bird, technically known as ‘museum skin’,
whereas some were the full carcass. If the bird had not originally been prepared by the
taxidermist, measurements of wing, tarsus, and beak were made and condition of body along
with pictures of all sides and appendages of bird body. All birds were identified using Collins
Bird Guide and moreover, confirmed by senior curator, John J. Borg.
Table 1. Total number of each species analyzed for the study.

Species
Auduoin's Gull
Black Headed Gull
Common Snipe
Cormorant
Green Sandpiper
Kittiwake
Lesser Black-backed Gull
Little Grebe
Little Ringed Plover
Mediterranean Gull
Scopoli's Shearwater
Unknown
Wood Sandpiper
Yelkouan Shearwater
Yellow Legged Gull
Total

Total
2
13
1
3
1
1
1
1
1
1
3
4
1
2
14
49
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Audouin’s Gull (Larus audouinnii)
Non-breeding migrant.
Inshore forager. Specialist fish eater.
Found in Qawra and Ghallis coastal areas,
and Ghadira Nature Reserve.
Species Code: AUGU

Black Headed Gull (Larus ridibundus)
Non-breeding migrant.
Inshore forager. Terrestrial and marine food.
Found on the East and Southern coasts of mainland Malta.
Species Code: BLGU

Common Snipe (Gallinago gallinago)
Non-breeding migrant.
Inshore forager. Insects and worms and plant
material.
Found at Ghadira and Simar Nature
Reserves.

Species Code: COSN

Great Cormorant (Phalacrocorax carbo)
Non-breeding migrant.
Offshore forager. Feeds on fish.
Found in Salina, Ghadira, and Simar Nature Reserves.

Species Code: CORM
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Green Sandpiper (Tringa ochropus)
Non-breeding migrant.
Inshore forager. Feeds on aquatic insects and
invertebrates.
Found in Simar and Ghadira Nature Reserve.
Species Code: GRSA
(Picture Credit: RS PB, https://www.rspb.org.uk/birds-and-wildlife/wildlife-guides/bird-a-z/green-sandpiper/)

Kittiwake (Rissa tridactylia)
Non-breeding migrant.
Inshore forager. Feeds on fish, shrimp, and worms
(RSPB).
No locations specifically identified.
Species Code: KIGU

Lesser Black-backed Gull (Larus fuscus)

Non-breeding migrant
Inshore forager. Feeds on fish, marine
invertebrates, and insects (Cornell Lab of
Ornithology,2016).
No locations specifically identified.

Species Code: LEGU
Little Ringed Plover (Charadrius dubius)
Breeds in Malta.
Inshore forager. Feeds on insects and worms.
Found in Ghadira Nature Reserve and Salina
saltpans and shores.
Species Code: LIPL
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Little Grebe (Tachybaptus ruficollis)
Breeds in Malta.
Inshore forager. Fish and aquatic invertebrate.
Found at Simar Nature Reserve and Ghadira Nature
Reserve.
Species Code: LIGR
Mediterranean Gull (Larus melanocephalus)
Non-breeding migrant.
Inshore Forager. Omnivore, feeds on fish,
worms and insects.
No locations specifically identified.

Species Code: MEGU

Scopoli’s Shearwater (Calonectris diomedea)
Breeds in Malta.
Pelagic forager. Feeds on fish, squid, and other marine
creatures.
Found on the island of Filfla and Western coasts of
mainland Malta and Gozo.
Species Code: SCSH

Wood Sandpiper (Tringa glareola)
Non-breeding migrant.
Inshore forager. Feeds on insects and small
prey.
Found in Ghadira and Simar Nature Reserves
and Salina.
Species Code: WOSA
(Picture Credit: Guido Bonnett)
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Yelkuoan Shearwater (Puffinus yelkouan)
Breeds in Malta.
Pelagic forager. Feeds on fish and marine molluscs.
Found on the island of Filfla and cliffs of mainland
Malta and Gozo
Species Code: YESH

Yellow Legged Gull (Larus michahellis)
Breeds in Malta.
Inshore forager. Omnivores and scavengers.
Found on the island of Filfla, and cliffs of
Malta and Gozo.

Species Code: YEGU

For each bird the following variables were recorded and measured:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Sample Code (Unique Sample Identifier, e.g. NET-2012-001)
Species Name
Dissection Code (Species Code and Number eg. SCSH01)
Dissection Date
Sex (♂=male, ♀=female, UNK=unknown)
Age (Age group as Adult, Sub-adult, Immature, Juvenile)
Foraging type (Pelagic, Offshore, Inshore)
Mass of stomach (in grams to 4th decimal)
Description of gut contents
Incidence: Presence/Absence of User plastic, Industrial plastic, Organic material,
and Other material
11. Abundance: Number of User plastic, Industrial plastic, Organic material, and Other
material
12. Abundance: Mass (grams to nearest 4th decimal) of User plastic, Industrial plastic,
Organic material, and Other material
Each dissection was begun by first making a long cut down the ventral side of the bird from
chest to cloaca. Before removing the stomach, it was important to sex and age the bird, as the
reproductive organs can become damaged and unidentifiable otherwise. These organs were
found by moving the stomach to the right side of the bird and looking near the kidneys. Male
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and female was determined by the presence of testis or ovaries (Picture 1 & 2). Using the
diagram provided by the Northern Fulmar methods compilation, age of each bird was
determined as juvenile, immature, subadult, or adult depending on size and follicle
development. Older females typically have a wide and curved oviduct in comparison with
juvenile females that typically have a straight and thin oviduct. This widening is due to
development of the tissue during breeding season and egg formation/passage. Presence of
large follicles on the ovary also can help indicate an older female in comparison to a
relatively transparent and flat ovary in juvenile females. For male birds, testes in juveniles are
darker, thinner and elongated. They are also typically small and hard to find. Older males
have testes typically of lighter, skin-pigment color and much larger, bean-shaped size
(Diagram 1).

Picture 1 & 2. Male testes of adult Black Headed Gull Chroicocephalus ridibundus (left)
and female ovary of adult Yellow Legged Gull Larus michahellis (right)
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Diagram 1. Testi and ovary development in birds to determine age (Van Franeker, J.A.,
2015).
Once age and sex had been determined, the stomach could be removed. The stomach is made
up of two units: the proventriculus and the gizzard. The first unit is a large, glandular organ
called the proventriculus that food passes through after the esophagus. This unit is used for
initial digestion and primary storage of food. The second unit is a smaller, muscular organ
called the gizzard that food passes through after the proventriculus. The food is grinded here
until small enough to pass through to the small intestine. The esophagus was cut as high up as
possible within the chest cavity of the bird specimen and then the small intestine was cut
against the gizzard. Once the stomach was removed, it was placed in a container and weighed
using a Sartorius scale to acquire the wet weight of the contents and stomach. Subsequently, it
was cut carefully lengthwise from proventriculus to gizzard and opened to reveal the insides.
Pictures were taken of each individual stomach and its contents, along with the body of each
of the carcasses and associated name card (Picture 3). The stomach was then assessed for
plastic presence. Each stomach was then transferred to a 1mm sieve in compliance with the
methodology used for the Northern Fulmar project to collect pieces between 1mm-5mm in
size. Smaller mesh sizes resulted in clogging from stomach tissue and lining. Water was used
to wash out further stomach contents and to rinse the contents of residual tissues (Picture 4).
After everything had been removed from the stomach, the sieve was placed in a well-lit
location with a white sheet background underneath to better move the contents from the sieve
to labeled containers.

Picture 3 & 4. Note cards documented bird, age, sex, identification number, stomach weight, date of
dissection, and preliminary identification of gut elements. Also featured are a sieve, stomach, and
carcass of Yellow Legged Gull Larus michahellis(left). A 1 mm sieve was used to collect microplastics
and other material from each gut (right).
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Picture 5, 6, 7, 8. After removal of the stomach, each one was cut open and pictured. Gut elements
were separated into user, industrial, organic, and other. Other material included wood, glass, and
unknown (top left). Organic material included fish, invertebrates, molluscs, and feathers (top right).
Industrial plastic included raw plastic material consisting of mainly beads also called nurdles (bottom
left). User plastic included plastic fragments, fibers, threads, and sheets (bottom right).

Identification, Categorization, and Weighing
Each container was then assessed under a dissecting microscope (Picture 9 & 10). Items were
categorized into industrial, user, organic, and other (Picture 5-8). Industrial was listed as any
pellet or raw form of plastic. These tended to have a more spherical shape and defined smooth
edges. User plastic was listed as fragments, threads, foam, or fabrics. These tended to look
like broken or ripped pieces from a previously larger item. Organic material consisted of food
substances, algae, and feathers. Other was listed as glass, wood, or unidentifiable. Once
separated into each grouping, each category was counted individually and each description
noted (Diagram 2). In some cases, where large amounts of substances were in one stomach,
multiple containers were used to separate the groupings. After the counting, the samples were
placed into a desiccator for two days to dry. This allowed the collection of the dry mass of
each of the categorizations of the collected items. Each category of each individual stomach
was transferred to a petri dish to measure mass in grams to the nearest 4th decimal (0.0001
grams) using a Sartorius scale. The contents were then transferred back to their respective
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containers. All collections from dissections have been moved and deposited at the Natural
History Museum in Mdina for future use or inquiry.

Picture 9 & 10. Separation of elements from gut of Black Headed Gull during categorization. Here you
can see beetle parts, foam pieces, and a white plastic fragment (left). A dissecting microscope was used
to separate all items into categories on petri dishes (right).

Diagram 2. Methodology steps used to identify bird specimens and plastic occurrence within seabirds
(Van Franeker, J.A., 2015)

Data Analysis
Data was compared across total seabirds sampled, sex, age, and foraging location. Age was
considered a factor in plastic consumption due to a higher recorded prevalence of plastic
abundance in younger bird species. This is due to the younger birds being fed regurgitated
contents from their parents. Foraging location was dictated as inshore, offshore, or pelagic.
Examples of inshore would be the gull species and sandpipers, offshore would be cormorants,
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and pelagic would be the shearwaters. This was indicated to compare foraging strategies and
how plastic abundance differed across those groupings. Overall, the data obtained
concentrates mostly on inshore foraging species due to random sampling and bird availability.
Consequently, the data focuses mainly on plastic consumption from shorelines and
accumulation of plastic along the coast. For each variable, data was compared using a OneWay Anova test to measure significant differences between the groups of user plastic,
industrial plastic, organic material, and other material. A p value of less than 0.05 indicates a
significant difference. When measuring the variables, age and foraging type, it was necessary
to perform a Post-Tukey test following an Anova test that showed significant p values. The
Post-Tukey test allows the determination of significance within groups. A harmonic mean
sample size was used for foraging type and age groups due to unequal group sizes.

Chapter 4: Results
Table 1b. Plastic Presence, Average Plastic Quantity and Mass by Species and Foraging Type

Total
Birds in
Sample

Number
with
Plastic
Present

Audouin's Gull
Black Headed Gull
Common Snipe
Green Sandpiper
Kittiwake
Lesser Black-backed Gull
Little Grebe
Little Ringed Plover
Mediterranean Gull
Wood Sandpiper
Yellow Legged Gull
Unknown

2
13
1
1
1
1
1
1
1
1
14
4

0
11
0
0
1
1
0
0
0
0
5
3

Cormorant

3

1

Scopoli's Shearwater
Yelkouan Shearwater

3
2

3
2

Species

Average
Number of
Plastic
Inshore
0
49
0
0
1
1
0
0
0
0
0.78
4
Offshore
1
Pelagic
8
106

Average
Mass of
Plastic

Species as a
Percentage of All
Birds with Plastics
Present

0
0.1197
0
0
0.1996
0.0001
0
0
0
0
0.0008
0.0202

0
40
0
0
3
3
0
0
0
0
18
11

0.1996

3

0.0279
0.0308

11
7

Total number of birds examined
49 specimens from 13 waterbird species were used for this study. Three measurements were
integral to this study:
1) Incidence- the presence of a specific material in a bird’s stomach contents, recorded
as 0 for absence or 1 for presence,
2) Quantity- the total quantity of a specific material in a bird’s stomach contents
recorded as the total number of items (e.g total number of user plastic),
3) Total Mass- the total mass of a specific material in a bird’s stomach contents,
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recorded in grams to the nearest 4th decimal.
These measurements were then analyzed to construct bioindicators of the environmental
plastic load for interpretive analysis. The bioindicators used were presence of plastic, average
quantity of plastic and average mass of plastic. The three measurements were made for four
categories, user plastic, industrial plastic, organic material, and other material. These were
than separated to compare total number of birds sampled, sex, age, and foraging type. 30 of
the birds sampled were females and 19 were males. 18 of the birds sampled were
juvenile/immature, 29 were subadult/adult, and 2 were unknown. 40 of the birds sampled
were inshore, 5 were pelagic, and 3 were offshore. Overall, 51% of the birds sampled for this
study had user plastic presence. Plastic presence was measured as the total number of birds
that had plastic present in their stomachs, regardless of the amount of plastic within. This was
dictated with a yes or no answer. A yes received a value of “1” and a no received a value of
“0”. 10% of the birds sampled for this study had industrial plastic presence. 90% of birds had
organic materials present and 35% of the birds sampled had other materials present within
their guts (Table 1).
For all seabirds sampled, the average quantity of user plastic was 14.63 (total=717), industrial
plastic was 4.00 (total=196), organic material was 47.33 (total=2319), and other material was
2.57 (total=126) (Table 2). For all birds sampled, the average mass of user plastic was 0.0345
grams, for industrial plastic it was 0.0057 grams, for organic material it was 0.0415 grams,
and for other material it was 0.0100 grams (Table 3). Of the birds that had user and industrial
plastic present, only 8% of birds had 0.1 grams or greater of plastic present within their guts.
A frequency distribution graph was generated to ascertain the mass that most frequently
occurred within seabirds (Figure 4). Plastic mass was averaged across both plastic categories
(user and industrial) for this graph. The average mass was found at 0.04 grams for total
average plastic mass. Bins were split into 0.05 intervals and the origin number was set at 0.0499 to assess the bins without including the value of no plastic into the first bin. The most
frequent bin was between 0.0001 and 0.05.
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Figure 1. Total presence of user plastic, industrial plastic, organic material, and other
material found within the stomach contents of all birds sampled. Yes or no was dictated
to indicate presence within the stomach. Yes was given a 1 and no a 0, thus the sum of each
category is illustrated above. 25 birds were found with user plastic, 5 with industrial plastic,
44 with organic material, and 17 with other material. Thus, the respective percentages were
51% with user plastic, 10% with industrial plastic, 89% with organic material, and 34% with
other material.
Table 2. Total Presence of User plastic, Industrial plastic, Organic material, and Other
material in Stomach Contents of Sampled Birds

Number of
Birds in
Sample
49

Number of
Birds
without
Content
24

Number of
Birds with
Content
25

Percentage
of Birds
with
Content (%)
51

Industrial Plastic

49

44

5

10

Organic Material

49

5

44

90

Other Material

49

32

17

35

Stomach Content Type
User Plastic

Figure 2. The average quantity of user plastic, industrial plastic, organic material, and
other material found in stomach contents of all birds sampled. Each stomach was
analyzed for the separate categories and then each category was counted individually to
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determine the total amount of each element. These were then averaged to display graphically.
The average quantity was 15 items for user plastic, 4 items for industrial plastic, 47 items for
organic material, and 3 items for other material.

Table 3. Total and Average Quantity of User plastic, Industrial plastic, Organic
material, and Other material in Stomach Contents of Sampled Birds.

Number of Birds
in Sample
49

Total Quantity
717

Average
Quantity
14.63

Industrial Plastic

49

196

4.00

Organic Material

49

2319

47.33

Other Material

49

126

2.57

Stomach Content Type
User Plastic

Figure 3. Average mass of user plastic, industrial plastic, organic material and other
material found in stomach contents of all birds sampled. Average mass was determined by
measuring each element individually per seabird and then dried to find dry mass. These
masses were then averaged to display graphically. Mass was measured to the nearest 0.0001
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grams. The average mass was found to be 0.0345 g for user plastic, 0.0058 g for industrial
plastic, 0.0416 g for organic material, and 0.0101 grams for other material.

Table 4. Total and Average Mass of User plastic, Industrial plastic, Organic material
and Other material in Stomach Contents of Sampled Birds.

Number of
Birds in
Sample
49

Total Mass (g)
1.6927

Average Mass
(g)
.034545

Industrial Plastic

49

.2819

.005753

Organic Material

49

2.0370

.041571

Other Material

49

.4944

.010090

Stomach Content Type
User Plastic

Figure 4. Plastic mass frequency distribution after combining masses of industrial and
user plastic for total plastic mass within individual stomachs for waterbirds. Bins were
created using 0.05 intervals because anything less would make the over 100 bins. The number
of origin was then placed at -0.0499. This allows for a comparison of the frequency
distribution between birds that had no plastic and 0.0001 grams with birds that had greater
than 0.0001 grams of plastic. The average of total plastic (industrial and user) was found at
0.040 grams.

Presence of Plastic
10 of the sampled male birds had user plastic present within their stomach contents and 1
male had industrial plastic present within their stomach contents. 15 female birds had user
plastic present within their stomach contents and 4 female birds had industrial plastic present
within their stomach contents. The female group had slightly higher values for each of the
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categories, user, industrial, organic, and other (Figure 5). Using a One-Way Anova test, a
significant difference (p<0.05) was found between the presence of other material in females
and males. Females had a significantly higher number of other material present within the
waterbirds analyzed (Table 5).
Subadult and adult birds were merged together for the same age group and juvenile and
immature birds were merged together for the same age group. 17 subadult/adult birds had user
plastic present and 2 birds had industrial plastic present in their stomach contents. 8
immature/juvenile birds had user plastic present and 3 birds had industrial plastic present in
their stomach contents (Figure 6). Using a One-Way Anova test and a Post-Tukey test, there
was no significant difference found between age groups. However, the values for user plastic
presence were slightly higher for subadult/adult, whereas the rest of the categories had
relatively similar values compared between the two age groups (Table 6a & 6b).
Foraging type was identified as inshore, offshore, or pelagic foraging waterbirds. These
identifications were determined using foraging location and foraging behavior. There was a
much higher sample size of inshore foraging birds (41) than offshore (3) and pelagic (5) birds
(Figure 7). However, using a harmonic mean sample size to compare unequal group sizes, it
was possible to use a One-Way Anova test and a Post-Tukey test to make comparisons. There
is a significant difference (p<0.05) for industrial plastic presence between inshore and pelagic
foraging waterbirds. Pelagic seabirds have a significantly higher industrial plastic presence
within their stomach contents than inshore birds. There is also a significant difference
(p<0.05) for other material presence between offshore and pelagic birds. Pelagic seabirds
were found to have a significantly higher number of other materials within their stomach
contents than offshore birds (Table 7a & 7b).

Figure 5. Total presence of user plastic, industrial plastic, organic material, and other
material compared between male and female specimens of birds. Presence was measured
by yes or no. If the element was present, it was given a yes, and therefore a 1. If the element
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was not present, it was given a no, and therefore a 0. A total of 15 female birds had user and
industrial plastic within their stomach contents, while 10 male seabirds had user and industrial
plastic within their stomach contents. Females had generally higher values graphically than
males for each category identified. However, percentage wise, 52% of males had user plastic
and 5% had industrial plastic, while 50% of females had user plastic and 13% had industrial
plastic items within their stomach contents. To compare categories between groups, a OneWay Anova test was used to determine significance (p<0.05). The total presence of other
material within females was significantly higher (p=0.026) than males using the test
mentioned previously.
Table 5. Presence of User plastic, Industrial plastic, Organic material, and Other
material in Male and Female Birds.

F-Statistic

Significance

User Presence

.012

.913

Industrial Presence

.839

.364

Organic Presence

.043

.836

Other Presence

5.298

.026

Stomach Content Type

Figure 6. Total presence of user plastic, industrial plastic, organic material, and other
material compared across foraging type. Foraging type was split into offshore, inshore and
pelagic dependent on the location and type of foraging behavior of each bird analyzed. 43
inshore seabirds were sampled, 5 pelagic, and 3 offshore. 0 offshore birds were found with
user plastic and 1 with industrial plastic, 20 inshore birds were found with user plastic and 3
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with industrial plastic, and 5 pelagic birds with user plastic and 3 with industrial plastic. Due
to multiple variables, a Post-Tukey test was used to further determine significance (p<0.05)
between groups. Further, due to non-homogenous sample sizes within groups, a harmonic
mean was used to compare significance between groups. Looking at first the One-Way Anova
test, a significant difference is found between groups for industrial plastic presence (p=0.001)
and for other material presence (p=0.033). Further, using the Post-Tukey test, pelagic
foraging seabirds had a significantly higher presence (p=0.002) of industrial plastic within
their stomach contents than that of inshore foraging birds. Pelagic foraging seabirds also had a
significantly higher presence (p=0.040) of other material within their stomach contents than
that of offshore foraging birds.

Table 6a. One-Way Anova Test to Compare Presence of User plastic, Industrial plastic,
Organic material, and Other material Across Foraging Type

F-Significance
1.168

Significance (p-value)
.320

Industrial Plastic

7.470

.001

Organic Material

.974

.385

Other Material

3.674

.033

Stomach Content Type
User Plastic

Table 6b. Post-Tukey Test for Differences in Plastic Presence by Foraging Type

Stomach Content
Type
User Plastic

(I)
Offshore
Inshore
Pelagic

Industrial Plastic

Offshore

(J)
Inshore

Mean Difference
(I-J)
-.225

Significance
(p-value)
.672

Pelagic
Offshore
Pelagic
Offshore
Inshore
Inshore

-.464
.225
-.239
.464
.239
.225

.313
.672
.482
.313
.482
.254
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Inshore
Pelagic
Organic Material

Offshore
Inshore
Pelagic

Other Material

Offshore
Inshore
Pelagic

Pelagic
Offshore
Pelagic
Offshore
Inshore
Inshore

-.179
-.225
-.404*
.179
.404*
.125

.541
.254
.002
.541
.002
.773

Pelagic
Offshore
Pelagic
Offshore
Inshore
Inshore

.286
-.125
.161
-.286
-.161
-.300

.396
.773
.502
.396
.502
.422

Pelagic
Offshore
Pelagic
Offshore
Inshore

-.714*
.300
-.414
.714*
.414

.040
.422
.076
.040
.076

Figure 7. Total presence of user plastic, industrial plastic, organic material, and other
material within stomach contents of birds compared across age groups. Age groups were
identified to juvenile, immature, subadult, adult and unknown. For analysis, juvenile and
immature seabirds were combined and subadult and adult birds were combined and unknown
left separately. Unknown was noted for seabirds that could not be identified to sex. 17 adult
birds were found with user plastic and 2 with industrial plastic. 8 juvenile birds were found
with user plastic and 3 with industrial plastic. Thus, 56% of adult birds were found with user
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plastic in their stomach contents and 44% of juvenile birds were found with user plastic in
their stomach contents. A One-Way Anova test was used to determine significance between
groups. There was no significant difference (p<0.05) as demonstrated by the Anova test
(Table 6a). Further testing using a Post-Tukey test (Table 6b) to determine potential
significance across multiple variables within groups also found no significant differences
within groups.
Table 7a.One-Way Anova Test to Compare Presence of User plastic, Industrial plastic,
Organic material and Other elements of Age Groups

Stomach Content Type

F-Significance

Significance (p-value)

User Plastic

1.898

.161

Industrial Plastic

.787

.461

Organic Material

1.086

.346

Other Material

1.315

.278

Table 7b. Post-Tukey Test for Differences in Plastic Presence by Age Groups

Stomach Content Type

(I)

(J)

User Plastic

Adult

Immature

.689

Unknown

.154

Adult

.689

Unknown

.330

Adult

.154

Immature

.330

Immature

.511

Unknown

.929

Adult

.511

Unknown

.652

Adult

.929

Immature

.652

Immature

.535

Unknown

.709

Adult

.535

Unknown

.411

Adult

.709

Immature

.411

Immature

.566

Unknown

.551

Immature
Unknown
Industrial Plastic

Adult
Immature
Unknown

Organic Material

Adult
Immature
Unknown

Other Material

Adult
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Significance (p-value)

Immature
Unknown

Adult

.566

Unknown

.297

Adult

.551

Immature

.297

Quantity of Plastic
The quantity of material (number of items counted) was identified for each category: user
plastic, industrial plastic, organic material, and other material, using a dissecting microscope.
These values were then averaged to more accurately compare groups. A One-Way Anova test
was used to determine significance and in order to determine significance across multiple
grouped variables, a Post-Tukey test was used to compare within groups. A harmonic mean
sample size was used when unequal group sizes occurred. Sex was identified during
dissection to either female or male. Females have almost double the average quantity of user
plastic than that of males (Figure 8). However, using the One-way Anova test, no significant
difference was found between any of the categories or groups (Table 8a & 8b).
Age groups were identified during dissection to adult, subadult, immature, juvenile, or
unknown. Unknown was noted in instances when age could not be determined. Subadult and
adult birds were merged together for the same age group and juvenile and immature birds
were merged together for the same age group. Juvenile/immature birds had almost four times
the average quantity of user plastic within their guts than subadult/adult birds (Figure 9).
However, using the One-Way Anova test, no significant differences were found between any
of the categories or groups (Table 9a & 9b).
Foraging type was identified as inshore, offshore, or pelagic foraging birds. These
identifications were determined using foraging location and foraging behavior. There was a
much higher sample size of inshore foraging birds (41) than offshore (3) and pelagic (5) birds.
Thus, it was important to use the harmonic mean sample size in this case. Graphically, pelagic
foraging birds had a much higher quantity of industrial plastic and inshore foraging birds had
a greater amount of user plastic present within their stomach contents (Figure 10). Using the
One-way Anova test, a significant difference (p<0.05) was found between inshore and pelagic
foraging birds for the average quantity of industrial plastic. Using the Post-Tukey test, it was
determined that pelagic seabirds have a significantly higher average quantity of industrial
plastic in their stomach contents than inshore foraging birds (Table 10a & 10b).
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Figure 8. Average quantity of user plastic, industrial plastic, organic material and other
material found in stomach contents of birds compared by sex. Sex was determined during
dissection as male or female. Female seabirds had on average greater amounts of all
categories except for organic material in comparison to male birds. Male birds had on average
2 items of user plastic and 0 of industrial plastic. While females had on average 24 items of
user plastic and 7 items of industrial plastic. There was no significant difference found using
the Anova test between any of the groups.
Table 8. One-Way Anova Test to Compare Average Quantity of User plastic, Industrial
plastic, Organic material, and Other material by Sex

Stomach Content Type
User Plastic
Industrial Plastic
Organic Material
Other Material

FSignificance
1.336
.665
.094
.014
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Significance (p-value)
.254
.419
.761
.905

Figure 9. Average quantity of user plastic, industrial plastic, organic material, and other
material found within stomach contents of waterbirds compared across age groups. Age
groups were identified during dissection to adult, subadult, immature, juvenile and unknown.
For analysis, adult and subadult were combined and juvenile and immature were combined.
Unknown was noted for birds that could not be identified to an age group. Juvenile/immature
birds had a relatively higher average amount of plastic contents (user and industrial plastic)
within their stomach contents than that of subadult/adult. Adults had on average 3 items of
user plastics and 0 items of industrial plastic. While juvenile birds had on average 40 items of
user plastic and 12 items of industrial plastic. No significant difference was found between
groups using this test. Further testing using a Post-Tukey test to compare average amounts of
each category within groups also found no significant difference.
Table 9a. One-Way Anova Test to Compare Average Quantity of User plastic,
Industrial plastic, Organic material, and Other material by Age Groups

Stomach Content Type
User Plastic
Industrial Plastic
Organic Material
Other Material

F-Significance
1.877
.913
.345
.234

Significance (p-value)
.165
.408
.710
.793

Table 9b. Post-Tukey Test to Compare Differences in Average Quantity of Stomach
Contents by Age

Stomach Content
Type

(I)

(J)
40

Significance
(p-value)

User Plastic

Adult
Immature
Unknown

Industrial Plastic

Adult
Immature
Unknown

Organic Material

Adult
Immature
Unknown

Other Material

Adult
Immature
Unknown

Immature
Unknown
Adult
Unknown
Adult
Immature
Immature
Unknown
Adult
Unknown
Adult
Immature
Immature
Unknown
Adult
Unknown
Adult
Immature
Immature
Unknown
Adult
Unknown
Adult
Immature
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.153
.997
.153
.588
.997
.588
.388
1.000
.388
.798
1.000
.798
.945
.768
.945
.688
.768
.688
.947
.791
.947
.883
.791
.883

Figure 10. Average quantity of user plastic, industrial plastic, organic material, and
other material found within stomach contents of waterbirds compared by foraging type.
Foraging type was split into offshore, inshore, and pelagic depending on each individual
bird’s foraging behavior and location. Graphically, inshore foraging birds had a relatively
higher average amount of user plastic within their stomach contents than the other two
groups. However, pelagic foraging seabirds had a relatively higher average amount of
industrial plastic within their stomach contents than the other two groups. Offshore birds had
on average 0 user plastic and 0 industrial plastic. Inshore birds had on average 16 items of
user plastic and 0 industrial plastic. Pelagic birds on average had 9 items of user plastic and
19 items of industrial plastic. Using the Anova test, a significant difference (p=0.035) was
found between groups for industrial plastic (Table 9a). A Post-Tukey test was used to further
compare significance within groups (Table 9b). Using this test, pelagic foraging seabirds were
found to have a significantly higher (p=0.027) average amount of industrial plastic within
their stomach contents compared to that of inshore foraging birds. 41 inshore foraging birds
were sampled, while only 5 pelagic seabirds and 3 offshore birds were sampled. Due to
unequal sample sizes across groups, a harmonic mean sample size was used to accurately
compare significance within groups.

Table 10a. One-Way Anova Test to Compare Average Quantity of User plastic,
Industrial plastic, Organic material, and Other material by Foraging Type

Stomach Content Type
User Plastic
Industrial Plastic
Organic Material
Other Material

F-Significance
.184
3.610
.867
.212
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Significance (p-value)
.833
.035
.427
.810

Table 10b. Post-Tukey Test to Compare Differences in Average Quantity of Stomach
Contents by Foraging Type

Stomach Content
Type
User Plastic

(I)
Offshore

(J)
Inshore
Pelagic
Offshore
Pelagic
Offshore
Inshore
Inshore
Pelagic
Offshore
Pelagic
Offshore
Inshore
Inshore
Pelagic
Offshore
Pelagic
Offshore
Inshore
Inshore
Pelagic
Offshore
Pelagic
Offshore
Inshore

Inshore
Pelagic
Industrial Plastic

Offshore
Inshore
Pelagic

Organic Material

Offshore
Inshore
Pelagic

Other Material

Offshore
Inshore
Pelagic

Significance (p-value)
.881
.992
.881
.905
.992
.905
1.000
.204
1.000
.027
.204
.027
.604
.394
.604
.717
.394
.717
.832
.798
.832
.970
.798
.970

Mass of Plastic
The mass of material was measured to nearest 4th decimal using a Sartorius scale. Before
weighing each individual category, they were dried in a dessicator for at least 48 hours to
acquire the dry mass. The mass of material found for each category was then averaged to
compare significance. A One-Way Anova test was used to determine significance and for
multiple grouped variables a Post-Tukey test was used to compare between groups. A
harmonic mean sample size was used when unequal group sizes occurred.
Sex was identified during dissection to either female or male. Females had almost double the
average mass of user plastic within their stomach contents in comparison to male stomach
contents. Males had around 0.0 industrial plastic, whereas female birds had about an average
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mass of .02 grams of industrial plastic within their stomach contents. Additionally, females
had higher values for each of the categories measured for this study (Figure 11). However,
using the One-way Anova test, there were no significant differences found between male and
female birds for any of the categories (Table 11).
Age groups were identified during dissection to adult, subadult, immature, juvenile, or
unknown. Unknown was noted in instances when age could not be determined. Subadult and
adult birds were merged together for the same age group and juvenile and immature birds
were merged together for the same age group. The average mass of user plastic found within
the stomach contents of juvenile/immature birds is around 8 times greater than that of the
subadult/adult average mass. Juveniles/immature birds had higher values for all categories in
comparison to subadult/adult (Figure 12). However, using the One-way Anova test, there
were no significant differences found for any of the categories between the age groups (Table
12a & 12b).
Foraging type was identified as inshore, offshore, or pelagic foraging birds. These
identifications were determined using foraging location and foraging behavior. Graphically,
inshore foraging birds showed a higher industrial plastic presence than any other grouping
(Figure 13)There was a much higher sample size of inshore foraging birds (41) than offshore
(3) and pelagic (5) birds. Thus, it was important to use the harmonic mean sample size in this
case. A significant difference was found (p<0.05) for industrial plastic between inshore and
offshore foraging birds. Offshore foraging birds had a significantly higher average mass of
industrial plastic within their stomach contents in comparison to inshore foraging birds. It
must be noted however, that only one piece of industrial plastic was found within the offshore
foraging birds with a relatively high mass (Table 13a & 13b).

Figure 11. Average mass of user plastic, industrial plastic, organic material, and other
material found within stomach contents of birds compared by sex. Sex was determined
during dissection as either male or female. Average mass was acquired by taking the mean of
total mass (nearest 0.0001 grams) of each category within stomach contents of all birds.
Graphically, females had a relatively higher average mass across all categories in comparison
to male birds. Males had on average 0.0164 grams of user plastic and 0 grams of industrial
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plastic. While, females had on average 0.0440 grams of user plastic and 0.0091 grams of
industrial plastic. No significant difference was found between any of these values.
Table 11. One-Way Anova Test to Compare Average Mass (g) of User plastic,
Industrial plastic, Organic material and Other material by Sex

Stomach Content Type
User Plastic
Industrial Plastic
Organic Material
Other Material

F-Significance
.463
1.230
1.052
1.484

Significance (p-value)
.499
.273
.310
.229

Figure 12. Average mass of user plastic, industrial plastic, organic material, and other
material found within stomach contents of waterbirds compared across age groups. Age
groups were identified during dissection to adult, subadult, immature, juvenile and unknown.
For analysis, adult and subadult were combined and juvenile and immature were combined.
Unknown was noted for seabirds that could not be identified to an age group. Average mass
was acquired by taking the mean of masses (nearest 4th decimal) for each category within all
birds sampled. Graphically, juvenile/immature birds had a relatively higher average mass than
the other two groups for all categories listed. Adults birds had 0.0061 g on average of user
plastic and 0.0016 g of industrial plastic. Juveniles had on average 0.0839 g of user plastic
and 0.0129 g of industrial plastic. No significant difference was found between any of the
groups listed. Further testing using a Post-Tukey test to compare within groups also found no
significant difference.
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Table 12a. One-Way Anova Test to Compare Average Mass (g) of User plastic,
Industrial plastic, Organic material, and Other material by Age Group

Stomach Content Type
User Plastic
Industrial Plastic
Organic Material
Other Material

F-Significance
1.935
.982
.413
.862

Significance (p-value)
.155
.382
.664
.429

Table 12b. Post-Tukey Test to Compare Differences in Average Mass (g) of
Stomach Contents by Age Groups

Stomach Content
Type
User Plastic

(I)
Adult
Immature
Unknown

Industrial Plastic

Adult
Immature
Unknown

Organic Material

Adult
Immature
Unknown

Other Material

Adult
Immature
Unknown

(J)
Immature
Unknown
Adult
Unknown
Adult
Immature
Immature
Unknown
Adult
Unknown
Adult
Immature
Immature
Unknown
Adult
Unknown
Adult
Immature
Immature
Unknown
Adult
Unknown
Adult
Immature
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Significance
(p-value)
.148
.996
.148
.514
.996
.514
.379
.993
.379
.687
.993
.687
.807
.865
.807
.686
.865
.686
.531
.870
.531
.539
.870
.539

Figure 13. Average mass of user plastic, industrial plastic, organic material, and other
material found within the stomach contents of birds compared by foraging type.
Foraging type was split into offshore, inshore, and pelagic depending on each individual
waterbird’s foraging behavior and location. Graphically, offshore foraging birds had a
relatively higher average mass for industrial plastic and organic material than the other two
groups. While, inshore foraging birds had the lowest industrial plastic average mass, they had
the highest user plastic average mass in comparison to the other groups. Offshore birds had on
average 0.0037 g of user plastic and 0.0399 g of industrial plastic, inshore birds had on
average 0.0403 g of user plastic and 0 g of industrial plastic and pelagic birds had on average
0.0091 g of user plastic and 0.0117 g of industrial plastic. A significant difference was found
(p=0.007) between groups for the category, industrial plastic. A Post-Tukey test was used to
determine significance within groups. A significant difference was thus found (p=0.006)
between offshore and inshore foraging seabirds for the category of industrial plastic. Offshore
foraging birds were found to have a significantly higher average mass of industrial plastic
than inshore foraging birds. 41 inshore foraging birds were sampled, while only 5 pelagic
seabirds and 3 offshore birds were sampled. Due to unequal sample sizes across groups, a
harmonic mean sample size was used to accurately compare significance within groups.
Table 13a. One-Way Anova Test to Compare Average Mass (g) of User plastic,
Industrial plastic, Organic material, and Other material by Foraging Type

Stomach Content Type
User Plastic
Industrial Plastic
Organic Material
Other Material

F-Significance
.258
5.456
1.813
.353
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Significance (p-value)
.774
.007
.174
.704

Table 13b. Post-Tukey Test to Compare Differences in Average Mass (g) of Stomach
Contents by Foraging Type

Stomach Content
Type

(I)

(J)

User Plastic

Offshore
Inshore
Pelagic

Industrial Plastic

Offshore
Inshore
Pelagic

Organic Material

Offshore
Inshore
Pelagic

Other Material

Offshore
Inshore
Pelagic

Mean Difference
(I-J)

Significance (p-value)

Inshore

-.0365125

.850

Pelagic

-.0053886

.998

Offshore

.0365125

.850

Pelagic

.0311239

.854

Offshore

.0053886

.998

Inshore

-.0311239

.854

Inshore

.0399025

*

.006

Pelagic

.0282629

.163

Offshore

-.0399025

*

.006

Pelagic

-.0116396

.524

Offshore

-.0282629

.163

Inshore

.0116396

.524

Inshore

.0905650

.153

Pelagic

.0901943

.289

Offshore

-.0905650

.153

Pelagic

-.0003707

1.000

Offshore

-.0901943

.289

Inshore

.0003707

1.000

Inshore

-.0103675

.695

Pelagic

-.0113857

.749

Offshore

.0103675

.695

Pelagic

-.0010182

.995

Offshore

.0113857

.749

Inshore

.0010182

.995

Invertebrates- Odd Findings
Each stomach posed new questions and allowed for a greater sense of what each bird was
ingesting. In some cases, a certain species seemed to have trends in the kind of organic matter
found within its stomach contents. Three Great Cormorant Phalacrocorax carbo individuals
were studied for this project. Of those three individuals, all of them had what appeared to be
parasitic intestinal worms of great abundance (Picture 11). The worms were assigned parasitic
due to the burrowing behavior of the worms within the lining and tissue of the stomach. None
of the worms appeared alive during dissection, but all were placed within a container to be
counted and weighed during categorization. Many of the worms were not freely sitting in the
gizzard, but had to be pulled out of the tissue using forceps. Three Cormorants were found
with 64, 267, and 232 worms within each individual stomach dissected. Of those, the worms
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accounted for a mass of 0.227 grams and 0.5924 grams respectively. The last contents have
yet to be measured for use for further identification. Samples of worms were not dried in
order to allow further identification without potential of degradation and will be stored frozen
at the Natural History Museum.

Picture 11. Intestinal parasitic worms found within the stomach of a Great Cormorant
Phalacrocorax carbo during dissection.
Another species that had a high abundance of one specific type of organic material that should
be noted is the Black-headed Gull Croicocephalus ridibundus. 6 out of the 13 Black-headed
Gulls had beetle parts within their stomach contents. The amounts varied from 3 to 162 pieces
(Picture 12). Parts were categorized into hard body parts, soft body parts, legs, and full
bodies. Hard body parts included the head and thorax pieces while, soft body parts were any
that were more flexible, small pieces. All of the beetles seemed to be of the same species, but
will need further analysis to determine species and behavior. Samples of beetles were not
dried in order to allow further identification without potential of degradation and will be
stored frozen at the Natural History Museum
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Picture 12. Beetle parts found within the stomach contents of a Black-headed Gull
Croicocephalus ridibundus during dissection.

Results Summary
User plastic was found more frequently in terms of presence than industrial plastic within the
stomach contents of all birds sampled. User plastic was found in higher average quantity than
industrial plastic within the stomach contents of all birds sampled. Additionally, user plastic
was found at a higher average quantity than industrial plastic with in the stomach contents of
all birds sampled. To clarify all averages were based on all birds sampled regardless of
whether plastic was found in the stomach contents. Thus, total plastic mass was used to create
a frequency distribution graph. Using this graph, the largest frequency of average mass of
plastic was between the interval 0.0001 to 0.05 grams.
The average quantity and average mass of user plastic was found to be greater in female birds
than male birds of the total birds sampled. The presence of user plastic was found more
frequently in adult birds than juvenile birds. However, the average quantity and average mass
of user plastic was greater in juvenile birds than adult birds of the total birds sampled. Finally,
inshore foraging birds had a larger average quantity and average mass of user plastic than
pelagic foraging birds. Whereas, pelagic foraging birds had a significantly greater presence of
industrial plastic, a significantly larger average quantity and a significantly larger average
mass of industrial plastic than inshore foraging birds. Otherwise no notable significant
differences were found within any of the tests. It is important to note that an inappropriate use
of the One-way Anova test was used for the analysis of presence/absence of all elements
within the stomach contents. Thus, the correct analysis of the association of presence/absence
of stomach content items for all birds, as well as foraging type, sex, and age should have been
a chi-square test.
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It should be noted that there is a large dominance factor of a particular species within the
research conducted here. Half of the birds sampled are sourced from the species, Blackheaded Gull and Yellow Legged Gull. This can cause a discrepancy within the data and might
have had influence on the results presented here. The high bias of these species might have
led to a more abundant user plastic presence, quantity, and mass as well as a skewed graphical
and statistical result when comparing foraging type.

Chapter 5: Discussion
Total Birds Sampled
Overall, industrial plastics were found at a much lower level than user plastics in all
waterbirds sampled for all measurements taken. The Northern Fulmar report found similar
results in their study. The project notes that the decrease could be related to improvements in
procedures of factories and wastewater treatment systems. It has also been noted that the
decrease in industrial plastic might be related to the effectiveness of legislation on shipping
and dumping. They found a remarkably lower abundance of industrial material in proportion
to user items (Franeker, et. al, 2005). These results could be related to Malta’s use of
incentives as part of the Port Reception Facilities directive to decrease the likeliness of ships
dumping at sea. The results found here validate the assumption made by Malta’s initial
assessment that plastic pollution was in large part due to tourism influx rather than deposited
on the shoreline from offshore dumping. It has been mentioned that this is due to the
economic gains that arise from maritime transport for the reduction of dumping. The addition
of incentives and fines for dumping at sea as assessed on shore at port facilities might provide
an economic benefit from reducing losses. On the contrary, user plastics has very little form
of economic benefit at the moment, especially within Malta
Following the protocols set by the Fulmar-Litter ECOQO report, “There should be less than
10% of northern fulmars (Fulmarus glacialis) having more than 0.1 g plastic particles in the
stomach in samples of 50 to 100 beach-washed fulmars from each of 4 to 5 areas of the North
Sea over a period of at least five years” (Van Franeker, Jan A. et al. 2011). However, using
the data found here, it would be impossible to use this threshold in Malta. The average plastic
mass for the birds sampled in the Northern Fulmar report was 0.30 grams (Diagram 3), while
the average mass within the present study for average plastic mass was 0.03 grams and
average industrial plastic mass was 0.005 grams with a total average plastic mass (industrial
and user) of 0.04 grams. Looking at the pictures of the fulmars from the Northern Fulmar
study, the bird’s stomach contents are spilling over with large plastic remains and rubbish.
58% of the birds sampled in the Northern Fulmar project exceeded the threshold of 0.1 grams
of plastic particles (Van Frankeker, Jan A. et al. 2011). In comparison, the majority of the
birds sampled within this study had very small pieces of plastic and a much smaller
abundance of plastic visible even before the identification and counting process had begun.
Within the birds sampled in this study, 8% of the birds had greater than 0.1 grams of plastic
particles (when combining both industrial and user plastic incidence). This can be attributed
to the natural size differences between the Northern Fulmar and the birds sampled within this
study. The Northern Fulmar can range from 450 to 1000 grams, when the Black-headed Gull,
the bird most sampled in the current study weighs typically around 283 grams. The smaller
the bird, the smaller the size of the stomach typically, which is evident from changes in
stomach weights in relation to bird size. As measured in the current study, cormorants had
stomachs that weighed above 30 grams, Black-headed Gulls had stomachs that weighed
around 6-7 grams, whereas the Little Ringed Plover had a stomach under 1 gram. The average
stomach mass for all the waterbirds sampled was 13 grams where the extreme mass found in
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one of the stomachs of the Northern Fulmar project was around 20 grams (Van Franeker, J.A.
and the SNS Fulmar Study Group, 2008).
A frequency distribution graph was produced on the mass of plastic within each waterbird for
the current study. In comparison to the graph produced by the Northern Fulmar project, the
frequency distribution produced here (Figure 4), is much more skewed to the left and the
highest frequencies can be seen between 0 and 0.05. Bins were created on an interval of 0.05
to better see the large percentage of birds that contained a mass of plastic of 0 to 0.05. The
number of origin was moved to -0.0499 grams so to separate out the birds that had no plastic
present in their stomach from those that had plastic present in their stomach, just at low
amounts. Birds with 0.0001 grams were included in the no plastic bin, however, this should
give little significance to the resulting graph due to a low number of birds with 0.0001 grams
of plastic present. The Northern Fulmar project distribution (Diagram 3) sets the highest
frequency of mass of 0.1 to 0.2, the overall threshold for the OSPAR Commission for plastic
presence in the North Sea. Thus, to reiterate, it would be near impossible and ineffective to
use the threshold put forward by the Northern Fulmar report.

Diagram 3. The plastic mass frequency distribution diagram from the Northern Fulmar
report results from 2002-2006. The bins have been labeled so that the label on the x-axis
represents the upper limit of the bin. Thus, for 0.2, the bin represents all birds with plastic
masses from 0.1-0.2 grams. The geometric mean excludes the extreme cases over 10 grams of
ingested plastic. This reduces the potential for extreme cases to cause significant changes in
the average. The geometric mean was found as 0.09 grams and the average mass was found at
0.30 grams (Van Franeker, J.A. & SNS Fulmar Study Group, 2008).
The Mediterranean study on plastic debris ingestion by seabirds conducted near Catalan on
the western side of the Mediterranean found 66% of their seabirds with plastic present within
their stomachs. Of those influenced by plastic, the mean mass was .00226 mg. The report only
found 4 of the 171 seabirds with greater than 0.1 grams of plastic within their stomach
contents (Codina-Garcia et. al, 2013). The current study also found only 4 of 49 birds with
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greater than 0.1 grams of plastic within their stomach contents. This demonstrates the overall
lower average mass of plastic and reinforces the requirement for an updated and regionspecific threshold for plastic prevalence. It is important to note that with a sample size of
171, the percentage of seabirds with plastic present is still relatively similar to that of the
study performed here, regardless of the difference in sample size. This demonstrates Malta’s
need or the Mediterranean in general to develop a different threshold of plastic ingestion
dependent. This threshold will have to differ depending on the species sampled and the region
sampled if the species and behavior of the species changes.

Foraging Type
Pelagic foraging seabirds feed almost exclusively far from the coast and thus depend on prey
that rides closer to the surface of the water. This can typically be described as floating pieces.
Pelagic foraging seabirds also have a lower tendency of regurgitation leading them to store
and accumulate plastics at a higher prevalence than other inshore foraging birds. The foraging
strategy of pelagic seabirds might be responsible for the higher percentage of stomachs that
contained industrial plastic within this grouping. Industrial plastic, typically released into the
environment from dumping by ships, could be found more frequently farther out at sea and
thus, more available to pelagic foraging seabird species. As suggested by the data, when
pelagic birds are feeding they are picking up large amounts of industrial plastic. This
demonstrates that industrial plastics are being released in groupings or that they are
amalgamating at sea and thus appearing like a grouping of prey items for the birds to
consume.
Although, inshore foraging birds do not demonstrate a significant difference, it is important to
recognize the higher percentage user plastic within the stomachs of this grouping. This could
represent the higher number of user plastic items along the shoreline and the higher
availability of user plastic items to be identified as prey items by inshore foraging seabirds.
The first investigation of microplastics on Maltese sandy beaches found that land-based
anthropogenic factors are probably the largest contributors to the occurrence of microplastics.
This is confirmed by the largest presence of microplastics in the two bays with the highest
amount of urban activity present (Deidun, 2017). Therefore, the policies in place at the
moment might need to re-concentrate their efforts on regional marine litter dumping and
creating multiple options for reduction of littering and inappropriate disposal for land based
sources. Mismanaged plastic accounts for 1.1 to 8.8 million tons per year for coastal
populations (Jambeck et. al, 2015). The difference in plastic consumption between inshore
and pelagic birds represents the importance in continued research on foraging behavior and
how that influences plastic properties and composition.

Age Groups
Older birds, grouped into subadult and adult most probably have a higher presence of plastic
within their stomachs because they are feeding at a higher percentage in order to feed their
young. The older birds must feed more frequently to provide the heightened level of food to
provide for the younger birds. However, although older birds have a higher incidence rate of
plastic within their guts, younger birds have a higher abundance of plastics in terms of
number within their guts. This might demonstrate that although older birds are up-taking
plastics at a higher percentage, the younger seabirds are accumulating plastics more than the
older ones. Younger seabirds also were found to have a much higher average mass of plastic
abundance within their stomach contents than older birds. The regurgitation of plastic from
older seabirds to younger seabirds might be leading to greater abundance levels of plastic in
terms of mass and number, in young birds and lower abundance levels of plastic in older
birds. The plastic presence that was recorded within the older seabirds could be more
accurately attributed then to recent feedings rather than plastic built up over time. It has also
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been hypothesized that the younger birds are more experimental when consuming items and
lacking in the experience that older birds have, thus more likely to consume plastic at a higher
abundance (Ryan, 1988). This could be dangerous to younger bird health and survival
abilities due to blockage of digestion and feeding.
This also brings the question of residence time of plastic within bird stomachs. The residence
time of plastics in the water column will determine ingestion and residence time of plastics
within the digestive tract will determine the abundance and presence. Early studies found that
the lifespan of plastics depending on the mass and the location of the plastic within the
stomach indicated a half-life around one year with a range of 6 months to two years (Ryan
and Jackson, 1987). However, recent studies have found a much shorter lifespan for plastic
materials than previously predicted. Estimates of just over a month to just a few weeks have
been anticipated for plastic disappearance rate in seabirds from various research articles based
in Arctic regions (Franeker et. al, 2011). It is important to recognize the amount of plastic
found within the stomach contents of the seabirds in a study such as this depends greatly on
the residence time of the plastic. If the residence times vary between age classes than it could
explain the differences found in abundances between younger and older birds despite reversed
results for incidence. This can also be said about foraging type and the differences between
species of waterbirds that might have impacts on the abundance and presence of plastic within
the birds stomachs.

Sex
Although there was no significant differences between sexes except for the higher incidence
of other material found within the stomach contents of female birds. It might be relevant to
mention the generally higher values for females within all of the variables tested, incidence,
abundance by number, and abundance by mass. This is most obviously seen in the graphs
given for average mass where females have a little over double the average mass of plastic
present within their stomach contents. This could potentially be explained by the heightened
need for the female to feed during the breeding season in order to maintain high energy for
egg formation. It might also be explained by a difference in reproductive behavior between
males and females. In some cases, males have been observed more frequently defending
territory, building nests, and feeding the female, where females are more frequently
responsible for incubation and feeding the young (Creelman and Storey, 1991). In most birds,
sexual dimorphism is observed with the male growing larger than the female, however some
species of seabirds have been found to demonstrate reverse sexual dimorphism. Females have
also been found by some studies to reach full maturity faster than males, which might lead to
greater consumption and thus higher exposures to the ingestion of plastic (Fairbairn and
Shine, 1993).

Invertebrates-Odd Findings
The presence of the intestinal parasitic worms within the Great Cormorants Phalacrocorax
carbo should be acknowledged for the pursuit of future research and for the provocation of
questions further than plastic ingestion. The identification of these worms and the prevalence
could be an important insight into the vulnerability of these seabirds to intestinal parasites. It
also might serve to be a vital indicator of a different problem within the environmental health
of the coastal waters. The other option to give mention to is if the bird is already vulnerable
due to plastic presence or due to other environmental factors, than the intestinal worms can
more easily develop against the seabird’s general defenses.
The presence of beetles within such a large number of the Black-headed Gulls
Croicocephalus ridibundus might indicate a different foraging scheme than previously
recorded. It Further research on this topic could lead to better understanding the foraging

54

strategy of these birds and also provide crucial behavior insight into these birds. It could
provide information about what these birds are preferentially eating and might help
understand what plastics are more likely consumed due to similarity to prey. Once the beetles
were identified correctly, it would also give a better idea about where the birds are foraging
and whether these beetles are coastal or terrestrial organisms.

Mentionable Differences Between Studies
It is important to mention the slight differences between the study presented here and the
studies that the research has been based on for the methodology protocol. In comparison to
the Codina-Garcia et. al (2013) paper where the birds were collected from strandings from
longliners, the birds collected for the current study were collected only from beached
strandings. Thus, there is the possibility of a non-random sampling collection procedure. The
birds that were collected from the beached strandings have the potential to have died of
causes from plastic influence, whereas the cause of death of the seabirds from the CodinaGarcia cannot be attributed to plastic ingestion due to collection method. However, the birds
that were collected for the current study could have died from a myriad of other options.
These can include, fouling of plumage with oil, collisions with ships, drowning in nets,
extreme weather, and many other possible causes of mortality not mentioned (Van Franeker
et. al, 2005). It is also important to identify the probable main cause of the death for the
project at hand could more definitively be attributed to illegal hunting. Malta is known for an
elevated level of illegal hunting and lack of enforcement on the poaching of birds. It should
be noted that the use of beached strandings is a successful process to study long-term trends
in plastic ingestion. It is also noted that it might be difficult to acquire a large sample size in
the Mediterranean due to the lower number of strandings in comparison to the northern coasts
of Europe (Thevenet, 2016; Codina-Garcia, 2013).
The present project also focused on a myriad of species of birds due to availability of birds
from collections and confiscations. The birds that were present and prepared by the
taxidermist at the Natural History Museum were the birds that were dissected. Besides
availability, the study also wanted to focus on a broad range of species to allow comparisons
between foraging types. However, it should be acknowledged that due to the availability,
there is a bias within the dataset for the dominance of 2 species of birds, the Black-headed
Gull and the Yellow Legged Gull that might have impacted the results found in this study.
The Northern Fulmar report focused singularly on the Northern Fulmar due to its importance
to the North Sea, its high population, and its vulnerability to plastic ingestion. The study on
plastic debris in Catalan mentioned the advantage of studying Procelliformes (Shearwaters).
They state that Shearwaters retain plastic in their stomachs for a longer period of time than
gulls, which tend to regurgitate plastic items (Codina-Garcia, 2013). It is important to
mention however, that with the general smaller size of Malta and the benefit of studying
multiple species this allows a large potential for future studies and a better understanding of
plastic loading and vulnerability to plastic on all waterbird species. It should also be
mentioned that if the gulls are to regurgitate plastic more often than pelagic species, the
presence, quantity and mass of plastic formulated here, might be an underestimate of the
actual condition within Malta’s coastal waters.
It might also be pertinent to mention the difference in grouping for age groups. . In the
Northern Fulmar report, the juvenile, immature, and subadult seabirds were all grouped
together as the younger category against the adult as the older category. For the present study,
the subadult and adult have been categorized together and the juvenile and immature have
been categorized together due to inexperience of the analyst. The size and color of the
separate categories are much more similar to an inexperienced eye. In the case of subadult
and adult, both groupings were merged due to the reproductive capability of both groups
leading to assumed similar off-loadings or ingestions of plastic. However, it is important to
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recognize the difficulty in accurately describing age through gonadal identification to each
specific category. This might demonstrate the need for more accurate measurements of age
from prior to taxidermy or through genetic testing.

Chapter 6: Recommendations
Future Studies
It is essential to realize the initial formation of this study was to provide a baseline and a
foundation of basic knowledge of plastic ingestion for the advancement of future studies. To
assess across timeframes, the results found here have the opportunity to be analyzed against
newly collected seabird species to compare changes in abundances of litter. This can identify
trends in litter composition. It also serves to provide potential threshold advice for
policymakers and targets for transposition within requirements for the EU Directive for
Marine Strategy Framework. It will be imperative to look at a larger sample size that covers a
more equal sample size within all groups. This will have to include a more even collection
and investigation of age groups and foraging type. This might require a larger sample size of
pelagic foraging seabirds and offshore foraging waterbirds. The attention to sample size of
species will allow a larger focus on foraging behavior to understand the influence of industrial
plastic pollution versus user plastic pollution across foraging types. In previous studies, stable
isotopic values of carbon and nitrogen were measured to determine the origin of the seabird
and the main foraging location of each individual seabird (Codina-García et al. 2013). It
might be useful to perform this type of analysis to determine the source of the seabird and
thus the location of heightened plastic pollution.
Once this has been determined it could also be helpful to look at water samples from the
different foraging areas to compare plastic abundance in water samples or sediment samples
to analyze for direct or indirect consumption of plastic as well as to highlight areas at threat
for high plastic abundance. It would be beneficial to compare plastic ingestion with plastic
availability by generating data from trawls, beach cleanups, visual counts, and as stated
before, water and sediment samples (Codina-Garcia, 2013). This would also help illuminate
whether birds are picking up plastic by direct or indirect consumption. If areas of greater
water contamination by microplastics are more frequently visited then its possible that the
consumption of plastic could be attributed to direct foraging. It might also be beneficial to run
a study in parallel that looks at microplastic abundance in fish and shellfish within the coastal
areas or foraging grounds of the different seabirds. This could supply potential sources of
plastic ingestion in terms of direct or indirect consumption.
Other potentially useful studies that could come out of the data collected here would be an
assessment on color of each plastic collected from each waterbird. In many cases, research
has focused on birds color choices and whether a specific color has higher preference due to
its similarity to prey items. In the Codina-Garcia, 2013 study, they split the colors into 4
groups of dark, light, warm, and cold. In order to maintain standardization within the
Mediterranean it could be helpful to continue the use of these definitions of color. A second
useful study could potentially focus on specific differences in the properties of plastics.
Within the Northern Fulmar report, user plastic were separated, counted, and weighed
individually as threads, fragments, foams, and sheets. The project addressed here has a
preliminary description of the contents from within each stomach, but it does not have an in
depth measurement of the individual items due to time restrictions and the general scope of
the project. The determination of these different plastic categories could give an even deeper
understanding of the sources of plastic and what plastics are the most likely to be consumed
by waterbirds. It would also be interesting to compare the presence, average quantity, and
average mass by differences in stomach weights to determine if the size of the stomach was
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influencing the quantity and mass of the plastic items found within. This could be analyzed
using the data formed here, but due to limited time, it has yet to be assessed.

Policy Adaptations
Currently the environmental target for marine litter in Malta’s Marine Policy is to improve the
current level of knowledge on marine litter in Malta. Features of this knowledge include litter
deposited on the shoreline, litter in the water column, litter on the seafloor, and
microparticles, with relevance to ingested litter. This study provides the knowledge to create
an indicator for marine litter and to develop the baseline to fulfill good environmental status.
This status mandates that the amount of marine litter entering the marine environment show a
declining trend over time (Environment and Resources Authority, 2017). To create a good
environmental status it is also essential to create environmental targets. Using the data found
here and modeling the threshold methodology and logic used in the Northern Fulmar report, it
can be suggested that a new threshold for the Mediterranean region be no more than 10% of
birds have greater than 0.05 grams of plastic instead of the 0.1 grams proposed for the North
Sea region.
Using the frequency distribution graph developed here and the numbers created by the
Northern Fulmar report, this number has been acquired. The average mass with the highest
frequency for the Northern Fulmar Report is 0.1 grams and 53% of birds have greater than
that threshold. At the moment 14% of the birds sampled here were found with greater than
0.05 grams of plastic in their stomach contents and 8% of the birds sampled here were found
with greater than 0.1 grams of plastic in their stomach contents. The threshold stated above
for this region allows a standard to base future studies off and to build policies as future
studies are conducted. It can serve as a trend and a goal to for the environmental authorities to
reach. The current objective with ability to change with incoming data, would next be to have
no more than 10% of birds having greater than 0.05 g of plastic in their stomach contents.
As of 2017, in compliance with the MSFD, some current issues have been highlighted that
could be better addressed to reduce the amount of litter. These include
• The removal of litter from the seabed in special regards to the management of
protected areas
• More effectively utilize non-governmental organizations to more adequately target
the removal of marine litter from coastal areas and shorelines.
• Provide greater opportunities for the maritime transport sector to decrease the
dumping of marine litter by reducing the knowledge gaps of the sector.
• Increase knowledge improvement of microlitter in all forms and methodologies.
One of the new measures proposed through the MFSD Program of Measures is the
identification and mapping of areas with accumulated litter on the seabed and the potential
removal of the discovered litter. This data will be acquired through accumulation of seabed
surveys. Once mapping was undertaken, the analysis of the data would allow for the potential
removal of the found litter. Removal plans would be dependent upon site locations, whether it
was a Marine Protected Areas or Special Protection Areas, the cost and feasibility of removal,
the application of an environmental impact assessment and the ability to move the waste to
the proper disposal site ((Environment and Resources Authority, 2017). It is estimated to cost
between 35,000 to 405,000 euros for the prepatory costs depending on the number of sites
selected for cleansing (Enrst and Young, 2017). This measure could fulfill the good
environmental status for Descriptor 10 if accomplished properly. It should be noted that if
further research was acquire on microlitter and a standardized approach to collecting and
measuring was implemented for microlitter, this measure could easily be manipulated to
include the mapping and cleansing of microlitter on the seabed. This measure will require the
input of greater funding into research-based studies. This could be done by increasing the
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number of grants to graduate or post-doctorate students directly focused on collecting seabed
surveys and determining the best course of action for removing the litter.
A secondary measure is the establishment of a more formal collaboration with NGOs for
participation in a Mediterranean coastal clean-up day. The general idea would be to create a
more consistent, long-term standard for coastal cleansing. The hope is also to combine the
efforts of the Environment and Resources Authority with the efforts of NGOs to pool
resources and reach a wider range of the public (Environment and Resources Authority,
2017). This would allow clean-up events the ability to share methodologies for the most
effective and cost-efficient process as well as the minimization of environmental impacts. The
anticipated cost has been estimated around 10,000 euros for each cleaning event (Ernst and
Young, 2017). The process would require a large PR presence to promote the events and
incorporate the public as much as possible throughout the entire process. It would also be
important to include standardized approaches to measuring the litter collected conjunctly in
order to optimize effort and personnel. This measure would be of the most critical use to
increase public awareness of the problems and extent of marine litter on a local scale. It also
encourages the public to cleanup throughout daily life because of an increased knowledge of
the topic and thus a greater connection to solving the issue. This particular program could be
ideal to measure microplastic abundance by following the standardization approach that
Deidun and colleagues. It could help create an annual or biannual collection of data on
microplastic accumulation and could be correlated against abundance of plastic within the
stomachs of birds through follow up studies like the one here.
To provide incentives for the reduction of user plastic entering the marine environment, it will
be essential to provide programs like the Port Facilities Reception within Malta. The Maltese
environment authorities could look into creating a program that supports refund deposits on
plastic bottles. The customer can return the plastic bottle to any recycling center or depot and
receive a certain percentage back from the deposit. Already, Malta has adopted fines on using
plastic bags in grocery stores, but it has been shown that positive enforcement can render
change more effectively than negative consequences. If Malta could provide benefits for
recycling like tax reductions or bonuses for companies that manage positive recycling
infrastructure. Ultimately, this might lead to a change in human behavior and help decrease
the potential for microplastics entering the coastal marine environment of Malta.
A program to measure microplastics still remains an issue due to the lack of data and the lack
of knowledge on the sources of the litter. The most recent report by Malta’s Environment and
Resources Authority (2017) stated that the achievement of a measurable good environmental
status for microlitter would not be possible by 2020. Thus, Malta is applying for an exception
from the directive requirement. It has been noted in the document that transboundary input
could influence the collection of data for microlitter and has contributed to the inability of the
environment authorities to complete the objectives set up by the EU MFSD directive within
the given timeframe (Environment and Resources Authority, 2017). The issue of
transboundary influences can be said about all litter whether it be micro or macro due to the
ability of litter to travel and the unknown processes of plastic transport. Therefore, it should
not be the limiting reason for not creating a good environmental status for the last clause in
Descriptor 10. The data produced here, along with the onshore collection of microplastics in
2017 by Deidun and colleagues gives the initial elements of a baseline and reduction in some
of the gaps of knowledge. It also demonstrates the interest of the community to support and
research this subject matter. This study allows for future research and could be used to create
a program of measure for microlitter and good environmental status by the year 2020.

Chapter 7: Conclusion
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The objective of this study was to create a workable baseline of data to update the current
policy in place and to effectively implement a target for microplastics as determined through
ingestion. The study produced here presents a target for the Environment and Resources
Authority and a baseline to provide preliminary data with which to build further research on.
It demonstrates the initial assessment with which to form a good environmental status off and
the ability to form trends with ongoing research. It also provides a standard methodology that
can be used to effectively compare research across time periods and regions if required. The
project highlights potential studies that can come out of the research conducted here and
delivers a standardized approach for future methodology. The report also provides a
preliminary recommendation for a threshold of plastic ingestion of birds within Malta of no
more than 10% of birds to have greater than 0.05 grams of plastic within their stomach
contents. This is a goal for the environmental authorities to reach and to analyze the patterns
of plastic contamination with future studies.
It is important to reiterate the limitations within this study. The uneven species sampled and
the dominance of two species (gull species) might have caused a skewed result of a lower
plastic quantity and mass due to regurgitation. While at the same time, due to the foraging
behavior of gulls, the accumulation of plastic might be higher due to the ingestion of litter
more frequently. It can also be suggested that the user plastic was higher due to the foraging
location of these species. Only with further research and the use of sample sizes more even
along the species front will the results found here be able to be used more effectively and
accurately. It has to also be noted that so as of so far, this report does not have the data about
the time frame which the birds were found or collected and does not have access at the
moment of the cause of death of the birds found in this sample. Furthermore, the correction of
the Anova tests to Chi Square tests for the presence/absence data for the analysis of
significance would be essential.
Additionally, the report presents various types of programs to reduce the inputs of plastic into
the marine environment and policies that can create a more effective and efficient process to
achieve that goal. Plastic pollution problems can be seen in areas that have fast economic
growth, but a lacking waste management system (Jambeck et. al, 2015). At the moment, this
is where Malta stands, but hopefully with the presentation of this data and the support it
provides to the environmental authorities to reach given objectives, Malta can improve its
waste management system. Ultimately, with the availability of the data developed here and
the ability for further research, Malta’s environmental authorities will be able to adjust its
policy around microplastic presence in order to complete the mandates for good
environmental status by 2020 as provided in Descriptor 10 within the Marine Strategy
Framework Directive.
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